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Cenco Lab-Jack. Quickly 
adjustable through an 
elevation of 7 inches. 
Supports up to 100 lbs. 
Complete including 
auxiliary top plate and 
support rod, No. 19089, 
$35.00. Described in 
circular 1213. 


Karl Fischer Moisture Determinator. 
A completely self-contained, port- 
able unit for accurate moisture 
determinations in field and labor- 
atory. Rapid results accurate up 
to plus or minus 0.2%. 


(Under licence by Phillips Petroleum Co. ) 


Cenco-Meinzer Sieve Shaker. Holds 
six standard 8” or 5” sieves. Speed 
controlled— will separate a mixture 
by particle size into six compo- 
nents in one operation. Without 
sieves, No. 18480, $173.00. De- 
scribed in circular 1266. 


Cenco Moisture Balance, Infrared 
Heat. For fast, accurate, repro- 
ducible moisture determinations of 
liquids or solids. Weighs and drys 
simultaneously. Records percent 
of moisture directly. No. 26675, 
complete $250.00. Ask for 
Bulletin 75. 
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Cenco High Torque 
Stirrer, Improved. For 
light or viscous liquids. 
Precise control of speed 
from 100 to 1300 rpm. 
No. 18802-1, $89.00. 
Request Circular 
1199B, 
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EFFICIENCY, ACCURACY 
and DEPENDABILITY 


, In every laboratory operation... 


ppectty CENCO 


HERE ARE A FEW OF THE 20,000 ITEMS IN THE CENCO LINE 






















During the past half century, Cenco has grown to a 
position of leadership with the most complete line of scientific 
instruments, laboratory apparatus, chemicals and supplies in 
the world. In an effort to provide the utmost in service and 
satisfaction to those engaged in research and development 

work, Cenco maintains branch offices strategically located 

from coast to coast. Whatever you may need... from a 
phy en Mie amg "aoa mag simple instrument to a completely equipped laboratory . . . | 
im temperitere ta 210° C. it is available . . . quickly . . . when you call Cenco. 


Vacuum chamber available for 

inserting into oven. No. 95051 | 
oven only, $165.00. Write for | 
Bulletin 6. , 


Central Scientific Company 
1718-M IRVING PARK ROAD, CHICAGO 13, ILLINOIS 


BRANCHES AND OFFICES—CHICAGO « NEWARK « BOSTON « BIRMINGHAM e DETROIT 
SANTA CLARA « LOS ANGELES « REFINERY SUPPLY COMPANY—TULSA « HOUSTON 
CENTRAL SCIENTIFIC CO. OF CANADA, LTD.—TORONTO » MONTREAL « VANCOUVER « OTTAWA 





Cenco Cylindrical Oven, Improved. 










The most complete line of 
scientific instruments and lab- 
oratory supplies in the world 





CencoGiant Blast Burner, Improved. 2 —s—i—i(i‘és 
For working high temperature 
glass from oxygen and gas. One tip 
ives you every flame you need. 
ure grip levers control each flame. 
No. 11247, $139.00. Write for 


Bulletin 20. Cenco Rectangular Oven. Com- 


pletely new design—range, 60° to 
250° C combines efficient temper- 
ature distribution, uniformity and 
sensitive control. Forced air and 
gravity models available. No. 
95075 Gravity Model, $288.00. 
Write for Bulletin 6. 
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LABORATOR Y INSTRUMENTS 












15,500 rpm — 31,000 X G — 400 mi 


Separate controls allow remote operation — may be operated in 
cold rooms, incubators, fume hoods, etc., or wherever routine or 
special research calls for a versatile Superspeed instrument of estab- 
lished reputation. “Servall”-originated, self-centering direct drive 
is only one of the superior features that have earned the SS-1 its 
title: ‘“‘The workhorse of the modern research laboratory.” Type 
SS-1A same as SS-1 but with water-cooled bearing for extra-heavy 


= Write for Bulletin SC-101S 





MEDIUM ANGLE CENTRIFUGES 


5,000 rpm — 3,500 XG 


TYPE M: Twenty-seven 15 ml Tubes 
TYPE SP: Six 75 ml Tubes 
TYPE SP/X: Ten 50 ml and Five 15 mi Tubes 
; with stainless-steel rotors, 
Fast, efficient, economical instruments, designed to replace bulky, out- 
moded equipment. Types A and XL small centrifuges also available. 


Write for Bulletin SC-101M 








LARGE ANGLE CENTRIFUGES 


3,500 rpm — 2,500 X G 















Compact, space-saving instruments with a 
maximum capacity of 2,000 ml. Three inter- 
changeable stainless-steel rotors accommo- 
dating 500 ml, 250 ml Bottles and 150 ml 
Tubes. Reducing adapters available for all 
sizes of Tubes. “Servall”-originated self- 
centering device ensures smooth operation. 
& Other “Servall’”’ Laboratory Instru- Write for Bulletin SC-101G 

ments include: Ultra-Microtome * 

Superspeed Refrigerated Centrifuge 

* Pipettes—Sole distributors in the 


United States and Canada for LKB HIGH-SPEED OMNI-MIXER 


Electrophoresis, Chromatography 








bid Physical Chines Te ke ee a Vp ano vols See ee oan 

@ The unequalled excellence of “Serv- A rugged, portable instrument, designed exclusively by Ivan 
all” Laboratory Instruments results Sorvall, Inc. for all laboratory homogenizing, mixing, emulsi- 
from our original and continuing de- fying, and difficult disintegrating work. Rapid-action, 200 ml 
luni wane ae o enee mixing chamber easily cooled or heated. Disassembles quickly 
quirements since 1930. for sterilization. 


Write for Bulletin SC-106 


wan Sorwall, Ine. 





Designers, Manufacturers and Distributors of ‘‘Servall’’ Specialized Laboratory Instruments 
NORWALK CONNECTICUT 





SCIENCE is published weekly by the AAAS, 1515 Massachusetts Ave., NW, Washington 5, D.C. Entered at the Lancaster, Pa., Post Office as second class 
matter under the act of 3 March 1879. Annual subscriptions: $7.50; foreign postage, $1; Canadian postage, 50¢. 
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SERVICE QUALITY 


SERVALL 


DEPENDABILITY 





SUPERSPEED 
REFRIGERATED 
CENTRIFUGE 


15,500 rpm 31,000 x G 


with Dual Automatic Temperature 
and Holding Control... 


q 


- an exclusive feature for rapidly establishing 
temperatures down to 0°C., and maintaining them, 

+ 1°C., through both operating and non-operating cycles. 
No external pre-cooling of rotors is necessary as 
pre-operation cooling may be carried out quickly within 
the “Servall” instrument itself. 


ws 
ws, 





A versatile selection of rotors, including the 
400-ml Superspeed Rotor, may be interchanged quickly and 
easily on the “Servall”-originated, self-balancing direct drive. 


No cumbersome, complicated drive attachments 


. 7. . a Sample Temperature Test $S-1 Rotor i 
are required in order to obtain the higher speeds. duiteacon dl 


Varying quantities of material up to 2,000 ml may be spun through 
a wide range of speeds that cover all routine and many special 
laboratory-research requirements. For complete details about all the 

superior features that only “Servall” can offer, 
WRITE FOR BULLETIN SC-101R. 


Temperature °C 


The unequalled excellence of ‘‘Servall'’ Laboratory Instruments 
results from our original and continuing development of 


design, and a thorough familiarity with 





researchers’ requirements since 1930. Hours =O 1 2 3! 4 5 


Conditions = Temp. Controts Set To O°C. 
R. P.M. Running: 16,000 (29,000 x G) 


/ 


Sole distributors in the United States and Canada 
for LKB Electrophoresis, Chromatography 
and Physical Chemistry Instruments 


~ 
~e 






wan Sorvall Inc. Bee 


SPECIALIZED LABORATORY INSTRUMENTS 


€ NORWALK - CONNECTICUT 
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BROAD SPECTRUM ULTRASONICS 


For Research & Development 


KCS, 
PER 
SEC. 





























0 40 60 8G 100 200 400 600 800 | 1200 


FREQUENCY, KILOCYCLES. SEC. Load 








Ultrasonic investigation is relatively new, ultrasonic in- 
dustrial applications newer still. Results differ at different 
frequencies and power output. Below are listed a number 
of applications of ultrasound. The low frequency range 
is best for some; high frequencies for others. The G.U. 
“400” covers them all. 


@ ELECTROPLATING @ iMPREGNATING 

@ DEGREASING @ DEGASSING 

@ CLEANING @ DEPOLYMERIZING 

@ EMULSIFYING @ DIALYZING 

@ DISPERSING @ ACCELERATING 

@ COAGULATING CHEMICAL REACTIONS 
@ FRAGMENTING @ BACTERIA DESTRUCTION 
@ EXTRACTING @ TISSUE DESTRUCTION 





SONICELLS 





G.U. Sonicells are metal lined and jacketed, her- 
metically sealed, fully protected, piezoelectric trans- 
ducers of many types and shapes. They can be used 
in a wide variety of conductive, corrosive combustible 
and volatile process liquids including 
organic solvents, aqueous solutions of 
; detergents, acids, or alkalis. 











THE GENERAL ULTRASONIGS COMPANY 








ULTRASONIC GENERATOR 





G.U.’s variable frequency high power 
electronic generator is simple in con- 
struction, easy to use. The G.U. “400” 
permits investigation and development 
of ultrasonic effects over the entire 
spectrum. 


Housed in a steel cabinet, the G.U. 
“400” is easily portable. Plugs into any 
source of 115 volts 60 cycles power, 
output covers wide frequency range of 
10 to 1200 kilocycles per second. Re- 
quires no special mounting, insulation or 
other protection. 


The G.U. “400” has continuous tuning, 
constant high power throughout fre- 
quency range, continuous power control, 
0-400 watts, simple impedance matching. 


TRANSDUCER ELEMENTS 


Unprotected or partially protected barium 

titanate crystals in various shapes are avail- 

able for experimental use when a. variety 

of configurations, sizes and frequencies are . 

needed for broad spectrum research. A 7] 
“ 






Write Department B For Further Details 








67 Mulberry Street e Hartford 3, Conn. e Phone: JAckson 7-2167 
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It costs much less 
fo outfit your lab f 


The proof is a matter of simple arithmetic. For example, 
for as little as $646.95 — <ften the cost of a single 
microscope alone — you may purchase four UNITRON 
microscopes and a photomicrography set. Shown here is 
a small selection of the many UNITRON models available. 


UNITRON POLARIZING — Model MPS 


For the study and identification of material structure and 
characteristics. Revolving, centerable, graduated stage. 
Individually centerable objectives. Bertrand Lens for exami- 
nation of interference figures. Coarse and fine focusing. 
Substage cond . 2 comp tion plates. Strain-free ob- 
jectives: 4X, 10X, 40X. Eyepieces: Crosshair 5X and 10X, P15X. 





UNITRON METALLURGICAL — Models MMU, MMA 


MMU: for metals and opaque specimens and also transparent 
specimens under both ordinary and polarized light. Vertical, 
oblique and transmitted illumination. Transformer housed in 
microscope base. Focusable stage, polarizing apparatus and 
filters. Objectives: 5X, 10X, 40X, 100X. Eyepieces: P5X, 
P10X, K15X. 


MMA: a simplified version of MMU, 25 — 600X. 


UNITRON PHASE CONTRAST — Models MPE, MPEA 
MPE: Indispensable for the study of living cells and other 
highly transparent material. Continuous transition from phase 
to bright-field microscopy by adjusting condenser height. 
Choice of 4 contrasts. Mechanical stage. Three phase 
objectives: P10X, P40X, P100X. Eyepieces: 5X, 10X, P15X. 


MPEA: a simplified version of MPE, 20 — 600X. 


UNITRON PHOTOMICROGRAPHY SET — Model ACA 


Duplicates the performance of costly apparatus. Mounting 
brackets adjust to accommodate your present camera (35 mm., 
No. 120, No. 127, etc.). Viewing telescope permits all adjust- 
ments to be made while camera is in place and allows 
continuous observation of the specimen, even during time 
exposures. 


UNITRON STEREOSCOPIC — Models MSH, MSL 
MSH: for inspection, dissecting and other applications re- 
quiring a wide-field, 3-D view with great depth of focus. 
Inclined binocular head with distance and diopter adjustments. 
Revolving nosepiece. Choice of 3 objectives among 1X, 2X, 
3X, 6X. Eyepieces: 8X, 12X, 15X. Models with both high and 
low stands. 


MSL: single-magnification stereo with vertical binoculars. 


PS) 
4 


re ordered _— 
FREE 10 DAY TRIAL : éason! 
on any UNITRON MICROSCOPE... my .of Chicago 
Let the instrument prove its value to you in your a Seente 
own laboratory, before you decide to purchase, inghouse Electric 


= Dew Chemical Co. 
Brown University 
Arthur D. Little Co. 


THIS COMPLETE CATALOG UNI TR ON Snred SCiRNTisee Gee 
ON UNITRON MICROSCOPES Say 204-206 MILK STREET * BOSTON 9, MASSACHUSETTS 
IS YOURS FOR THE ASKING => = —_—_—Please send me your complete catalog on UNITRON Microscopes. 





This colorful catalog gives complete i 
specifications on the many UNITRON Add , A 
* ress 
models available. Send for your free eis State a | 
copy now, ee ee 
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loterchangeable TISSUE GRINDERS 
sy KONTES 





Are These Features Built 
Into Your Present Grinders? 


@ INTERCHANGEASBILITY: Glass, Tefion* or 
Kel-F° pestles will fit one tube—maintaining 
standard clearances. 


@ FLEXIBILITY: Operation by hand or motor. 
Other than standard clearances are available 
on special order. 


@ DESIGN: True hemispherical bottom— 
Pouring lip—Heavy wall construction of pre- 
cision bore tubing—Made of Pyrex glass. 


@ ECONOMY: Low initial cost. If damage oc- 
curs to one part, re-order that part only. Your 
replacement will fit the original part within 
standard clearances, 
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POTTER- 
ELVEHJEM 
and 
TENBROECK 
TYPES 














yp ae *Reg. T.M., E. I. duPont deNemours Co. 
<> °Reg. T.M., M. W. Kellog Co. 


FOR PROMPT SERVICE, RETURN COUPON TODAY 


| KONTES GLASS COMPANY 


. | 
| Vineland youty 
| New Jersey \ 
1 Please send me literature on your Tissue Grinders | 
D ONGIO.. 64 5 5 cots Ge PS ee eee a i 

CORUDOTY © :4.5'n 3:5 Baethve Wakes ae ciate tk Winlerd toe heen Re y 
| SWOSE. oso. cease Male RHETT Aw oh Sion Se Re ae Ieee ! 
GY ves ac deomes e's Gon Bote Zone SHG oes Sve | 
Lew ae mae meee eee wa wee eee ewes | 
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PERIODIC CLASSIFICATION OF THE ELEMENTS 
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Lithium, by reason of its atomic con- 
figuration and general characteristics, is 
rightfully included as the first member 
of Group I in the Periodic Table. A de- 
tailed study of the properties and reac- 
tions of both the elements and their 
compounds, however, shows that Lith- 
ium often resembles the metals of Groups 
II and III more closely than Group I. 
Following are some characteristic dif- 
ferences: 


Lithium differs in organic 
chemistry ... 
because its organolithium compounds 
form a unique class with stability, solu- 
bility and activity characteristics inter- 
mediate between those of the Group I 
and Group II organometallic compounds. 
Lithium also differs from the other 
alkali metals in that it serves as a unique 
catalyst for the polymerization of diole- 
fins to materials of definite and predict- 
able structure. It directs, for example, 
the polymerization of isoprene predom- 


inantly to 1,4 addition structures. 

Again, .recent investigations have in- 
dicated an interesting potential as a 
direct reducing agent in solvents such 
as ammonia, low molecular weight 
amines, and ethylenediamine. 


Lithium differs in metallurgy... 
inasmuch as the affinity of Lithium for 
oxygen, for example, is being utilized to 
reduce porosity in copper and copper 
alloy castings. Recent research has re- 
vealed that Lithium will produce brazing 
alloys with self-fluxing properties and in- 
crease the wetting ability of these alloys. 


Lithium differs in inorganic 
chemistry ... 

the usefulness of Lithium Hydride and 
Lithium Aluminum Hydride in the prep- 
aration of other hydrides having already 
been widely demonstrated. Recent 
studies indicate that other complex hy- 
drides prepared in a similar manner may 





prove to be interesting tools for research. 
The low dissociation pressure of Lithium 
Hydride at its melting point, to cite a 
specific example, is unique among all 
hydrides. Li also has some slight solu- 
bility in polar organic compounds which 
is again unique among alkali metals. 


Lithium differs in heat 
transfer... 

based on its physical properties it has 
no equal as a liquid metal coolant. Due 
to corrosion caused at elevated temper- 
atures by impurities in commercially 
available Lithium and Lithium Metal, 
Lithium has thus far found only ex- 
perimental use. 

Why don’t you take a long look at 
Lithium? Its uniquely valuable differ- 
ences in so many diverse fields may 
prove of great interest—and profit—to 
you. Write our PR&D department giv- 
ing us details of the application you have 
in mind. Experimental quantities of Lith- 
ium Compounds are available on request. 


OF AMERICA, INC. 


4 











C, LITHIUM CORPORATION 


2699 RAND TOWER 
MINNEAPOLIS 2, MINN, 


MINES: Keystone, Custer, Hill City, South Dakota « Bessemer City, North Carolina » Cat Lake, Manitoba » Amos Area, Quebec « BRANCH SALES OFFICES: New York 
Pittsburgh * Chicago *« CHEMICAL PLANTS: St. Louis Park, Minnesota ¢ Bessemer City, Nore Jarolina » RESEARCH LABORATORY: St. Louis Park, Minnesota 
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Model RV-!I 


new rotating cylinder 


viscometer e 
measures at extremely low 
shear rates 0.3 sec. to 30 sec.-' 


¢ Accurate to +2% 

* Reads directly down to 0.3 second 

¢ Eliminates need for extrapolating 

¢ Temperature thermostatically controlled 
* Utilizes electrostatic restoring torque 

* Quick disassembly for liquid change 


* Multiple shear rates obtained by simple 
mechanical adjustments 


for: polymers 
nucleic acids 
proteins 





Model AT-! 
new automatic recording 
e titrator for variable 
& constant pH measurements 


¢ Accurate to +.02 pH units 


* Rapid change from variable to constant 
pH measurements 


e Automatic cut-off to allow slow reaction 
measurements 


* Complete titration curves in 2 minutes 
* Temperature thermostatically controlled 
¢ Reagents can be added during operation 





for: Measurements of ionization constants 
Kinetic analysis of reactions 
V MEDICINE 








Scientific Instruments Division 
POLARAD ELECTRONICS CORPORATION 
43-20 34th Street, Long Island City 1, New York 


; . PHYSICS 
applied electronics for sina 


CHEMISTRY 
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; Leitz first in precision optics 
LEITZ PHASE CONTRAST OBJECTIVES 





15456 


The complete line of LEITZ PHASE CONTRAST OBJECTIVES makes possible a wide range 
of magnifications and working distances in phase contrast microscopy. Manufactured to the 
highest standards known to optical science, LEITZ PHASE CONTRAST OBJECTIVES include 
water and oil immersion types as well as high dry objectives with exceptionally long working 


distances. The latter, available with high contrast, are particularly desirable for tissue 
culture examinations. 


The LEITZ PHASE CONTRAST CONDENSER, when used with high dry objectives, has a 


working distance of approximately 12 millimeters—one example of the many advantages 
of LEITZ PHASE CONTRAST. 


A reputation for integrity and a tradition of service have led thousands of scientific workers to 
bring their optical problems to Leitz. If you have problems in this field, why not let us help you 
with them? 


E. LEITZ, INC., Dept. SC-10 
468 Fourth Avenue, New York 16, N.Y. 


Please send me the Leitz brochure. 





NAME 





instruments soon. Write for information. 


STREET. 








es 
| 
| 
| 
l 
| 

See your Leitz dealer and examine these Leitz | 
| 
l 
l 
| 
l 
— 


Ltn an a anan an msenenand 


E. LEITZ, INC., 468 FOURTH AVENUE, NEW YORK 16, N.Y. 
Distributors of the world-famous products of 
Ernst Leitz G.m.b.H.,Wetzlar Germany - Ernst Leitz Canada Ltd. 
LEICA CAMERAS - LENSES >» MICROSCOPES - BINOCULARS 
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Also available 
MODEL PH22 


Providing the direct 
reading functions of 
the TTT-1 for all neces- 
sary pH measurements, 
but without the auto- 
matic titration feature. 


Write for complete descriptive literature. 


$674.00 f.0.b. Cleveland. 


== RADIOMETER oF COPENHAGEN 
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fOMATIC TITRATION 
and BATCH CONTROL 


. a high degree of both zero and amplifier stability is 
needed,to permit continuous operation over protracted 
periods. Such stability is guaranteed in the Radiometer 
Model TTT-1 Automatic Titrator — designed for either 
laboratory or industrial process control use. 


Complete and automatic control is assured by the 
provision of controls adjusting the end point for not only 
up scale or down scale titrations, but also the rate at 
which the end point is approached, and a controllable 
delay after the last increment of reagent has been added. 


In addition, the TTT-1 has all the functions required 
of a general,highly accurate laboratory pH meter un- 
affected by its main function as an automatic titrator. 


A large 160 mm. mirror scale provides reading accu- 
racies down to + 0.02 pH, or better than + 0.01 pH with 
a separate external meter covering the biological range 
of 6-8 pH. Special output terminals provide for the use 
of Recorders, relay controls or alarm systems. 


Truly the most flexible Automatic Titrator available 
to the laboratory or research technician. 


Denmark 


sold in u.s.a. by WELWYN INTERNATIONAL INC. 


IN CANADA: 


3355 Edgecliff Terrace CLEVELAND 11, OHIO 


BACH-SIMPSON LIMITED, LONDON, ONTARIO 
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Beckman DK Recording 
Spectrophotometers 


offer these important features: 


e Automatic recording with accu- 
rate double-beam system 

«Complete coverage of three spec- 
tral ranges: ultraviolet, visible, 
and near-infrared 

eRecording in percent trans- 
mittance or linear absorbance 

e Differential recording for nearly 
identical samples 

¢High resolution in the increasing- 
ly important near-infrared region. 

eA design which accepts a variety 
of accessories 

Definite price advantages 


Extended spectral range 
(200 to 3000 mp) 








iceman 7. 


BENE 
Heke NL 
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Benzene in the near-infrared 
shows extended wavelength range 
of DK. Calibrated 185 my to 3.5 p. 


Choice of two models 





Full view flat chart Model DK-2 


The built-in recorder uses 11 x 17 
flat chart paper, preprinted in 
wavelength. Can be used for 
Ozalid reproductions. Convenient 
horizontal reading of complete 
range while recording. 





Continuous strip chart Model DK-1 


Same superior features as DK-2 
but with strip chart presentation 
for unlimited chart expansion. 


ASK YOUR DEALER FOR A DEM- 
ONSTRATION-—AND FOR DETAILS 
ON THE NEW LINEAR WAVE- 
LENGTH RECORDING FEATURE, 
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“Hours’ work cut to 4 minutes 
with recording spectrophotometer” 


says Arnold Lewis, Senior Scientist, Warner-Chilcott 
Research Laboratories, Morris Plains, New Jersey. 


Since Warner-Chilcott Laboratories switched to a Beckman DK 
ratio-recording spectrophotometer, the time-consuming analyses which 
formerly took an hour or more of personal attention with conventional 
equipment are now accomplished in four minutes, “and with greater 
detail and accuracy,’ Lewis adds. The Beckman DK saves the 

time of skilled, highly-paid chemists who formerly operated 
spectrophotometers manually, and allows the laboratory to run more 
analyses which were previously done by slower methods or 

could not be done at all. 


Here’s how to analyze your own need for a wide-range 
recording instrument (and present the idea to management) 


This survey record enables you to analyze conditions 
in your own laboratory; to determine accurately the 
time and cost of handling work loads with your 
present equipment; to estimate the dollars and cents 
savings and increased efficiency available to you 

in a recording spectrophotometer. 





Send for your copy—Survey folder L-14-38. 


Beckman: 


Scientific Instruments Division 
2500 Fullerton Road, Fullerton, California 
a division of Beckman Instruments, Inc 
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THERE 1S ALWAYS 


A SUPERIOR 


SARTORIUS* 


MODEL 


FOR NAME AND ADDRESS OF YOUR NEAREST SARTORIUS DEALER CONTACT 


Cc. A. BRINKMANN & CO.INC., 376-380 GREAT NECK ROAD, GREAT NECK, L. 1, N.Y. 


* WORLD'S LARGEST MANUFACTURER OF BALANCES 
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LEADING SCIENTISTS CHOOSE NUCLEAR-CHICAGO INSTRUMENTS 
eee for accurate, dependable, radioactivity measurements 





Uranium Ore Assay—Ontario, Canada. 

Uranium ore producers use Nuclear-Chicago scaling 
units in assaying various ore samples to determine 
uranium content. 


Petroleum Research—Pasadena, California. 
Petroleum geologists determine radioactivity of oil 
well cuttings—use resultant “profile” to expand and 
develop oil fields. 


i.) 
° RG 


+ 





Biological Chemistry—College Station, Texas. 

Pea plants grown on a liquid radiosulfur diet and 

Nuclear-Chicago instruments help biochemists deter- 
mine how plants produce amino acids. 


Medical Diagnosis—Detroit, Michigan. 
Nuclear-Chicago Isotope Scanner makes it possible 
for physicians to have “picture” of radioisotope dis- 
tribution in organs of patient. 


Industrial Research—New York, N. Y. 
Laboratory uses radioactive ‘dirt’ and Nuclear- 
Chicago instruments to test washing machines, improve 
soil-removal techniques. 


Uranium Exploration— Wallace, Idaho. 

Uranium prospectors use an ultra-sensitive Nuclear- 
Chicago airborne scintillation system to survey vast 
areas quickly. 


Here is evidence of the wide usefulness of Nuclear- 
Chicago instruments in the fields of medical, biochemical, 
industrial, and physical research. Wherever the need for 
radiation equipment exists you can depend on the long 
experience and technical skills of Nuclear-Chicago to pro- 
vide the finest nuclear instruments and accessories avail- 
able today. We will be glad to recommend the particular 
equipment best suited to your needs. 


MENTAL Awimacs 


APU 


MARINE (ABORATOR 
SSITY OF Hawa: 


Metabolic Research— Coconut Island, Hawaii. 
Marine biologists use Nuclear-Chicago instruments for 
metabolic research, monitoring fish forced-fed radio- 
active strontium. 


Diagnosis of Thyroid Function—La Crosse, Wis. 
Nuclear-Chicago “Mediac” determines uptake of 
radioiodine by thyroid gland, helps physicians diag- 
nose thyroid dysfunction. 


— 





Gamma-ray Spectrometry— Chicago, Illinois. 
Radiation physicists study the energy spectrum of 
gamma emitting radioactive isotopes with Nuclear- 
Chicago spectrometer system. 


nuclear - chicago 


Nuclear Instrument and Chemical Corporation 
237 West Erie St., Chicago 10, lilinois 





‘FOR PROTEIN BOUND IODINE DETERMINATIONS 





























lhebca |: 


ee You can rely on 
; Scientific 


Products — 


Ainsworth balances 
American Optical 
microscopes 
B.B.L. culture media 
Barnstead stills 
Bausch & Lomb 
microscopes 
Beck Lee E.K.G. 
equipment 
Beekman 
instruments 
Becton-Dickinson 
equipment 
Berkeley radioisotope 
equipment 
Browne-Morse 
sectional cabinetry 
Christian Becker 
balances 


The PBI determination is the ONLY TEST be ama 


which directly measures thyroid function Coleman 


; sas : 4 spectrophotometers 
by measuring the ability to produce circu cenre- deuuiiaia 
lating thyroxine. Corning glass 

ini ; ; ; Dade serums 
Combining specially designed equip- DiSPo items-—dis- 
ment, purified reagents and a simplified posable specialties 
method, the Hycel System gives repro- — 
ducible results to +0.1 mcg%. Hycel clinical testing 
: ; equipment 
Equipment includes reagents for over International 
a ake . . centrifuges 
200 determinations and special equipment Jewett refrigerators 
to perform up to ten tests daily. Also in- Kimble glassware 
cluded are Manuals describing method and a 
interpretation. Undberg hotplates & 
The Hycel System is the result of exten- Lipshaw tissue 
“n : equipment 
sive research and testing by Mallinckrodt reagent 
Hormone Chemistry Labo- chemicals 


Matheson Coleman & 
ratory. They offer corrobo- Bell organic chem- 


rative assays aS a service 
to users. 


ee, - pe scales . 
recision scientific 
saa equipment 
Schieffelin 
pharmaceuticals 
SP pe =n 
specialties 
‘ No. 53845—Hycel PBI System........$340.00 Spinco electrophoresis 
# apparatu: 
_ A multiple set is available containing sufficient rea- Syne soap 
gents for over 600 tests, and additional equipment hee balances 
for performing 20 or more tests daily. Our catalog Celgmet — 


No. 53846, it sells for $1050.00. Warner-Chileott 


pharmaceuticals 
No matter what 


Moraga respiratory 





— " é \ 
Consult your SP representative for further details. prochag peril “ 
consult your SP 








Scientific Products 


DIVISION OF AMERICAN HOSPITAL SUPPLY CORPORATION 
New York + Chicago + Kansas City + Minneapolis + Atlanta + Washington + Dallas - Los Angeles + San Francisco 
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NEW STANDARD OF EXCELLENCE | 


MONOCULAR, BINOCULAR, TRINOCULAR...WHATEVER USE... 


AYO C@lst@se 00am SETS THE PACE 


SPENCER 


\ : mp Dept. J4 
mreiges Ww 
| ] | ( | 1( b 1 | ] OFF THE Please send me your new 24 page brochure 
PRESS! $B124 on Microstar Laboratory Microscopes. 


( ) - | Name 
|) I( | New 24 page JO 
. , Color Brochure bit 9 Address 
rican City. 
INSTRUMENT DIVISION, BUFFALO 15, N.Y ° 1c 
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: N eis: otc bd SBV CENTRIFUGE a 






11 Hobizontal swingirig ig 


Y An \ 
Mehra atta heats hes 
4 Basket style he 

SPEEDS and FORCES — + \ 

EE, yo Adjustable speed bier 600 os pn m. 

$ Us R.C.F. — up to 510 
Multispeed testo th provides > ASe. 

20,000 r.p.m. and 2 a : 








CAPACITY -— 4 Sab. 
Standard glass and phingis_¢ containéts 2) vs 
from 10 ml. to 250 mk ; 


Total maximum capacity — oe a ~y 
* Af 








4 Horizontal swinging heads 
Angle heads ; 
\ ultispeed attachment heads 
4 Ba&ke e.Hetds, Pa 
SPEEDS and FORCES — “ ‘Sle: 
me ema speeds up to § 100 r.p.m. \ 
4 — up to 4060 G. : 
ty Multis eed attachment pré “aes up nto 
‘ 19, 060 r.p.m. and 25, ~ 
CAPACITY — 


Standard glassware fromj10 ml. to 650 ml. 
Plastic containers up to 1000 ml. 


Total maximum capacity, — 4 liters. 
fj 

Throughout the world there are standards of confparisgh for 
many products. For Laboratory Centrifuges that’ standard of 
comparison is, invariably, International’s Sise-t“or Size 2. These 
Centrifuges are truly International Standards. 

International Equipment Company offers you the/experience 
of more than fifty years of specialization in the desigh and manu- 
facture of Centrifuges. Motors and accessories, spegtfically designed 
for these machines, are completely manufactured in the Interna- 
tional Plant, eliminating the chance of obsole$cence of the whole 
machine for lack of one of its parts. Acgé8sories are thoroughly 
tested and rated for the model in whjefi they are to be used. To 
assure “follow-up” safety for thgetiser, Speed and Force Tables 
~~, are provided, giving perfoxurfhce expectations and safety limits 
; ~mfor each combingtion-f accessories. 

With such built-in reliability, it is small wonder that bid speci- 
fications, government or private, the world over, call for these 
International Centrifuges. 


International Equipment Co. 


1284 SOLDIERS FIELD ROAD © BOSTON 35, MASSACHUSETTS 
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for extreme accuracy in 
CONTINUOUS 
SCANNING 


spectrometer systems 


The Tracerlab RLP-5 is a complete sys- 
tem comprised of detector, shield, ampli- 
fier, recording spectrometer and precision 
high voltage power supply. Half-height 
resolution is guaranteed better than 10% 
with Cesium-137; usual resolution is 81% % 


It features the following advantages: 


®@ exceptional non-overloading 
characteristics of linear amplifier 


@ adjustable window width over a very 
wide range of spectrum 


@ extremely stable high voltage 
power supply 


@ motor-driven precision ratemeter 
@ optional window amplifier 


@ optional coincidence- 
anticoincidence circuits 


The entire instrument is housed in one 
six-foot ventilated rack on casters for 
easy maneuverability. Its modular con- 
struction, like all Tracerlab’s research 
equipment, permits it to be easily inte- 
grated with other equipment. 

The chart below is a typical spectrum 
obtained from analysis of a sample con- 
taining Cobalt-60, Cesium-137 and 
Mercury-203. Note that the spectrometer 
shows the 72 kev Thallium K X-Rays 
resulting from the decay of Mercury-203. 
Usefulness of the assembly is increased 
by the versatility of control over window 
width, scanning speed, amplifier gain, 
scale ranges and time constants. 


ah iit cones ten 9.8. 4, 
See a 
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Typical spectrum obtained with Tracerlab’s 
-S ti S ing Spectrometer System. 


Zz Z 
ie 
Vag fracerlab 
130 High St., Boston 10, Mass. 
2030 Wright Ave., Richmond 3, Calif. 


New York © Houston © Philadelphia « Paris ¢ Cleveland 
Los Angeles * Washington ¢ Chicago * Ottawa 








FEATURES 

This system includes non-everload- 
ing amplifier, window amplifier, 
pulse height analyzer, research 
ratemeter, low voltage power sup- 
ply, precision high voltage power 
supply and strip chart recorder. 
Included but not shown are detect- 
or, sample stage and shield. 

Tracerlab offers qualified engineers 
and scientists exceptional career op- 
portunities for work in the commer- 
cial applications of nuclear science. 


Write today for Tracerlab’s Radiation 
Research Equipment Catalog. It’s a 
complete guide to the selection of 
components and many assembled sys- 
tems. Prices are included. 





Tracerlab 
RLP-5 
Continuous 
Scanning 
Spectrometer 
System. 





world wide services in isotopes, instrumentation, consultation and health physics 
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Model ME Metallurgical Microscope 


Model HS Student Microscope 








& 


Stage and Nosepiece of our Model GB 


The Olympus microscope is manufactured by the 
Olympus Optical Company, which is one of the oldest and 
largest manufacturers of optical instruments in Japan, and 
is well-known as the pioneer of the microscope industry in 
that country. 

They manufacture about 60% of all microscopes made in 
Japan, their nearest competitor making only 20% while the 
remaining 20% are made by a group of about ten small 
manufacturers. 

All Olympus microscopes carry a three-year guarantee 
against defective materials or workmanship. 

On this page we present our new model metallurgical 
microscope, Model ME; also the stage and nosepiece of our 
Model GB, which can be had both in the binocular and 
monocular type. The Model HS Student Microscope is a 
top quality high dry system for secondary school work. It is 
very highly prized by many Junior Colleges, High Schools, 
and Junior High Schools. 

There are many other types of Olympus microscopes to 
meet nearly every requirement in microscopy. We can save 
you from 30%-50% on your microscope costs. 


Please write for a portfolio describing our Olympus 
microscopes. 
Olympus Optical Instrument Company 
116N. E. 136th Ave., Portland, Oregon 
Telephone: ALpine 3-3990 





760 


SCIENCE, VOL. 124 























For Rapid Routine Clarification and Sterilization of 
Small Samples of Serum and other Biological Fluids 


NOW! CENTRIFUGAL] || 
FILTRATION using the | 


HEMMINGS | | — 
FILTER |.= 


The filter is used in conjunction with two 2-drachm path- 
ological vials (United Glass Blowers M.218 Est. W.F.), 
standard in most laboratories and Ford Sterimat filter pads 
11/16” diameter. The assembly is rapidly made up, and D2 
easily cleaned. With a rubber ring sealing the receiver bot- 
tle, the whole can be autoclaved, and will remain sterile 
indefinitely if stored upright. 








> 
a 
a 
= 
” 





sw OS SLC1 
LVW 40 V3UV 


In use, paired assemblies are balanced and centrifuged at 
about 2,500 X. R.C.F. which is given by the usual clinical 
centrifuge. The assembly fits a 50 ml trunnion cup without 


COMPONENTS 
OF THE APPARATUS 























any modification being necessary; the bottles are sturdy so A. Hemmings Filter 
that there is little or no risk of breakage. B, rubber sealing ring 
C, Ford’s Sterimat 
Filtration of 2 ml of serum under these conditions is com- D,, D,, standard 
Tum Apparatus plete in 3-4 minutes, with a loss of serum by absorption into 2-fil. dr. bottles. 
ASSEMBLED the pad of not more than 0.4 ml. The useful 
range of the filter is from 1 to 4 ml., with 4- ée sagt ery eae NOW! 
* SIMPLE TO USE + SAVES TIME - pungent rent Me — centrifuge cup it can a aries - wie mana’ $6.70 
SAVES MATERIAL + RECEIVER CAN Y© . Cat. No. 57307—-FORD 


BE USED AS STORAGE BOTTLE STERIMATS .... per pair $2.70 


EVERY LAB SHOULD HAVE THIS 
New ‘STANDARD HANDI-LAB TOOL KIT” 


Don't call the engineer, carpenter, or maintenance man when you 
have to remove a screw, cut a piece of wire, drill a hole, tighten a 
bolt, etc. 


BE PREPARED 


Have your “HANDI-LAB TOOL KIT” ready with all 
the tools necessary to adjust, set up apparatus, equip- 
ment, etc. This handy kit with its many interchange- 
able combinations is specially designed for the 
laboratory. 











CONTAINS 21 UNITS i ” 


Entire kit can be hung on a wall for easy 


* 1 8” Insulated side cutting plier. » 2 Recessed head screwdriver bits, +1, #2. oa ane? 

+ 1 7” Needle nose plier. * 1 Drill brace with chuck. accessibility. When folded, this kit measures 
+ 1 Combination ratchet screw driver and drill handle. | * 1 6” Adjustable end wrench. caw asaom s,m | 9” by 4”. When open 22” by 11”. 

* 1 Shockproof screw driver handle with chuck. - aay 3 wrenches, .05, 5/64”, 3/32”, Ya”, 

+ 3 Twist drills Yo" 3/16”, Ya”. + 1 Offset Screwdriver. | CAT. #99116 ONLY $9.75 
¢ 3 Regular screw driver bits, “6”, 3/16”, 4”. » 1 Heavy vinyl roll-up case. | 














‘STANDARD SCIENTIFIC feea 


S 808 BROADWAY REAGENTS 
72 NEW YORK 3,N.Y. a 
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LARGEST MANUFACTURER OF SUPER-SPEED CENTRIFUGES 


Super-Speed CENTRIFUGES 


SPEEDS—to 16,500 RPM 
FORCES—to 34,800 X G 
CAPACITY—400cc (8X50cc) 
ADAPTERS—for 1, 5, 6, 10, 12 
and 15cc test tubes 
Choose from four models with 
identical performance 


NEW! 
Model AX — $495.00 
(tripod base) 


























Model AA ® Model AT 
$515.00 $745.00 
(compact ’ . F (Deluxe— 
economical) Model AB — $595.00 4 ma tank model) 
(Deluxe—timer, ammeter) RR, ° 


COMING SOON! 


WATCH THIS SPACE FOR OUR NEW 


REFRIGERATED CENTRIFUGE 


ADVANCED UNPARALLELED DESIGN! 
SUPER-SPEEDS — Icc to 1500cc 


(INQUIRIES INVITED) 


Volume CENTRIFUGES | All-Purpose Multi-Mixer 


Sealed Homogenizing 
1500cc Capacity ’ 


eo EL ofp e Ss nine os 

a3 en 50 & 200CC 

e Mason Jars — 
pint , quart 
and two quart 

© Centrifuge test 
tubes, 15 & 50cc 

® Centrifuge Bottles 
250cc 




















plus other 
adaptations 





Model L — $785.00 


*3 and 5 times 
greater force than 
comparable volume 


centrifuges Price: $136.00 


(without mixer 
assemblies) 











LOURDES eee NT 


53rd ST. & Vst AVENUE IKLYN 


WRITE FOR COMPLETE, FREE LITERATURE. REFER TO S-10. 
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The characteristics of Pyrex brand glass No. 7740 improve the perform- 
ance of these unique desiccators and Gooch-Type Fritted Crucibles. 


If you have to filter and dry precipitates... 
these can help you 


Easier desiccation and reproducible 
filtering might seem formidably dif- 
ficult to attain. Not so—and we can 
show you. 

We ask you first to consider the 
merits of Pyrex brand desiccators. 
They’re made of Pyrex brand 
Chemical Glass No. 7740. There- 
fore they’re strong, impervious to 
any desiccant’s attack and they’re a 
unique design. 

The blessing of the design is easy 
cleaning because there are no crev- 
ices, seams or hard-to-reach places. 
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Built-in shoulders support the plate. 
Body and cover flanges are broad 
and finely ground to give an airtight 
seal. And each vacuum-type is 
tested to hold a minimum 20-inch 
vacuum for 24 hours. 

With these superlative desiccators 
you'll get reproducible results using 
Pyrex brand crucibles with fritted 
discs. Their uniform porosity pro- 
vides uniform filtration. And these 
crucibles dry to constant weight at 
110 C. with no variation to affect 
your work. 


In three porosities — Coarse, 
Medium and Fine—you get max- 
imum filtering speed with no saczi- 
fice of retentivity. 

To get full information on these 
work-saving laboratory items, see our 
new catalog of Laboratory Glass- 
ware, LP-36. (Send for your copy 
if you haven’t already received it.) 


CORNING GLASS WORKS 
75-11Crystal Street, Corning, N. Y. 


Corning meand wesearch i Glas 


wf PYREX’* laboratory ware 


... the tested tool of modern research 

















HANDICAPPED turn to 
by faulty lab for 


instrumentation 2? nstUnes shy 
make your job easier 









JAco Console 
Comparator 


Why let outmoded instruments — or even lack of 
Microphotometer 







proper instruments — stymie your research or 


New desk heighi console style with controls 
arranged for left hand use to free writing hand. 
Manual coarse motion control and motor 
driven fine motion with speed approximately 5 
microns per sec. Bright image — may be viewed 
in normally lighted room. Scanning period and 
distance controlled by foot switch or push 
button. 


ee ee ee ee 


production control procedures? Discover how JAco 













designed-for-the-job equipment can help you do 
your job more efficiently and at less cost. 


Write for specific catalogs or describe your 


Hilger Raman procedures and we’ll send information on all 
Spectrograph applicable JAco Instruments. 









Source features mercury lamps inside dif- 
fuse reflector — four times more efficient 
than reflecting mirrors. Specimen cells easy 
to change. Available with interchangeable 
F/1.5 or F/5.7 cameras for alternate use 
as recording and photographic instrument. 
Large aperture — ideal for any application 
demanding ultimate photographic speed. 
































JAco Ebert 
Spectrograph 
with Order Sorter 










The widely acclaimed JAco Ebert 
Spectrograph is now available with a new Order 
Sorter that presents several orders simultane- 
ously at high dispersion, each as an individual 
spectrum. Dispersion up to 0.18 A/mm, reso- 
lution 300,000. Low scattered light, flexible in 
application, easy to interpret determinations. 


JAco Atomcounter 
Direct Reading 
Spectrometer 













Hilger 
Micro-Focus = 

X-Ray Unit 30,000 line/inch grating gives 5.3 A/mm 
and excellent intensity over range from 
2200 A to 5600 A. Utilizes new patented 
optical system and electronic circuitry. Per- 
forms analysis in 1 minute or less with 
deviation of only 1-2%. Unitized 
construction. 












Wide application in both diffraction and 
micro-radiography. Features low exposure 
time, high resolution, and provision for utili- 
zation of special techniques. Focal spot di- 
ameter is of the order of 0.04mm. Wide 
range of interchangeable targets. Safety 
interlock switches eliminate possibility of 
misuse. 











SALES OFFICES: 


DETROIT PITTSBURGH, PA, 
13680 Capitol Ave. 916 Greenhill Rd. JARRELL-ASH COMPANY 
EL CERRITO, CAL. LOS ANGELES (DUARTE) 26 Farwell St., Newtonville, Mass. 
1344 Devonshire Dr. Miltonwood Rd. 


Write for information on these other JAco Instruments: 


Refractometers +t Polarimeters "i Photoprocessors Ss Blood Arithmometer 
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CARL 
2eiSsS 


LABORATORY AND RESEARCH MICROSCOPE 
OF HIGHEST PRECISION 





MODEL W 





Truly the most COMPLETE and VERSATILE microscope of its kind. 


In fact, there is so much to say about this magnificent instrument, that 
only a booklet can begin to list its many features and advantages. 


You are invited to write for your free copy immediately . . . and learn 
why we take justifiable pride in presenting the CARL ZEISS LABORA- 
TORY and RESEARCH MICROSCOPE MODEL W. 


MADE IN WEST GERMANY 


CARL ZEISS, INC... 485 Fitth Avenue, New York 17, N. Y. 


Guaranteed uninterrupted repair service 
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Now! DSteuarnt\ 


Disposable Plastic Trays 
for Laboratory Titrations 


Serological — Chemical — Microbiological 


Use in Place 
of Test Tubes! 








Model 96WS, White 
Model 96CV, Clear 


Saves Time, Money & Space! 


DISPOSO-TRAYS ELIMINATE 
Washing test tubes 
The need for valuable space 
The need for rubber stoppers 


The problem of disposing of contaminated 
equipment 


DISPOSO-TRAYS 


are used in the same manner as a rack of 
test tubes in: 

Assaying virus 

Measuring antibodies in tissue culture 

Serial dilutions 

Many types of spot tests 


Each of the 96 cups holds approximately 2 cc. Since each cup is 
used only once, soiled test tubes are no longer a problem in 
assaying viruses or measuring antibodies in tissue culture. 


Write for Complete Information To 


Linbro Chemical Co., Inc. 


Dept. $1056 
681 Dixwell Ave., New Haven, Conn. 

















Lippich Type Polarimeter 





74 Portman Road 


(Schmidt & Haensch) 


A precision instrument for measuring the rotation of the 
plane of polarization of all optically active substances. 
Big advantage is its glass circle instead of a metal circle. 
The scale on glass, instead of on metal, in conjunction 
with a micrometer plate, permits direct reading without 
vernier, resulting in greater speed and precision of 
reading. Glass circle is rigidly connected with the 
analyzer and carries two scales, an angular scale in 
degrees arc and a scale in international sugar degrees. 
Sodium vapor lamp is an integral part of the instrument 
and is always in alignment and ready for use. 


Model A with receiving trough for tubes up to a length of 220 mm. 
Model B with receiving trough for tubes up to a length of 400 mm. 


Bulletin SH-344 on request 


FISH-SCHURMAN CORPORATION 
New Rochelle, N. Y. 

















FOR 
MEASURING 
RADIOACTIVE 
EMISSION 


PRECISION IONIZATION 
METER (Faia Design) 








This complete measuring instrument is designed primarily for oub 
methods of radioactivity measurement where background radiation 

imimated. It consists of a heavy stand seppectns 
twin spherical ionization chambers, Lindemann Electrometer with 
lumination and projection system, together with standard condenser 
and voltage supplies. 


—OTHER CAMBRIDGE INSTRUMENTS— 


LINDEMAN-RYERSON exposure to gamma or x-ray? 
ELECTROMETER over a given period. Contaim 
. , mapa an ionization chamber, a 
fe ee oe ae quartz fibre electrometer and 
leveling. When reading, the Viewing Sysvemn. 
upper end of the needle is ob- “CHANG AND Eme@” 
saved A a — ne FAST NEUTRON DETECTOR 
through a window in bottom 0 Follows closely original design 
case. Size 8.3x6.5x3.5 cm. of U. 8. Atomic Energy Com- 


GAMMA RAY POCKET ae ney PP <a FB 

DOSIMETER Electrometer, readi micro- 

Is a personnel monitoring in- scope and dry cells.  Self- 
strument to measure ive ined 





Send for complete information 


CAMBRIDGE INSTRUMENT CO., INC, 
3525 Grand Central Terminal, New York 17, N. Y. 


Pioneer Manufacturers of Precision Instruments. 
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0.5% BOVINE ALBUMIN 


RAYLEIGH INTERFERENCE FRINGES provide high- 
sensitivity measurement of solute concentration at any level 
in analytical cell. Used for determining molecular weights— 
both high and low—by the equilibrium method, as well as 
for measuring sedimentation velocity by the centrifugal trans 
port of material past a given level in the cell 


BEREREHEEE EE 
0.006% DEOXYRIBONUCLEIC ACID 
ULTRAVIOLET ABSORPTION method gives very high sen- 


sitivity with respect to concentration rather than concentration 
gradient, as in schlieren techniques. Newly-designed optical 
system is particularly valuable for such materials as nucleo- 
proteins and other ultraviolet-absorbing substances exhibiting 
diffuse or inhomogeneous boundaries. 








4 





-- 





Tx, 





SYNTHETIC-BOUNDARY cell permits establishment of 
an immediately-measurable boundary by a layering tech- 
nique. This extends sedimentation-rate measurements from 
the previous practical lower molecular-weight limit of 
10,000, downward to 500. 


40,000-rpm_ SWINGING-BUCKET rotors make prepara- 
tive Operations most closely comparable with analytical, 
give most accurate estimation of sedimentation by sam- 
pling. Boundaries sediment normally and undergo mini- 
mum reorientation. Quartz inserts permit spectrography. 


Advancements in Ultracentrifugation 


New developments, constantly introduced, have greatly extended the usefulness of 
the Analytical Ultracentrifuge. They are typical of the continuing research by Spinco 


in high-speed centrifugal force for use in medicine, pharmaceuticals, chemicals, 


petroleum, food, plastics, agriculture, atomic energy, metallurgy, and material testing. 


Your inquiry is invited for further information on these or other developments 
which may provide solutions to your problems in physical research. Write Spinco 


Division, Beckman Instruments, Inc., Belmont 5, California. 


Beckm a Ni") Spinco Division 
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New Nitralyzer 


© High Accuracy — Within 0.2% 
e Extremely Rapid Response 
¢ Completely Portable 


This compact unit offers continuous, rapid, 
accurate analyses of gaseous nitrogen without 
the use of absorbent chemicals, sample con- 
tainers or complex glass systems. The sampling 
head is separately contained to permit use as 
a remote probe. This feature makes the Nitra- 
lyzer especially well-adapted for use in pul- 
monary function studies. 


Designed to allow complete portability, this 
entire unit, complete with vacuum pump, 
vacuum gauge and photocell in a remote unit, 
fits easily on the smallest laboratory cart. 
Gaseous nitrogen analyses may therefore be 
made at any point at which 110 volt A.C. 
power is available. This instrument has six 
built-in ranges: 0-100%, 0-20%, 20-60%, 60- 
100%, 10-30% and 30-50% and special con- 
centration ranges are available. Once the 
instrument has been zeroed and the gain set 
for a standard gas, any of the other ranges 
may be used at any time by simply changing 
the range selector switch. This feature allows 
the accurate and rapid monitoring of even the 
most radical fluctuations in concentration. 


For those desiring a documentary record of 
analyses, the Nitralyzer is provided with suit- 
able provisions for the accommodation of a 
recording attachment. 


#42240 Nitralyzer (CEDCO) is shipped com- 
plete with vacuum pump, vacuum gauge, 
ionization chamber and photocell in separate 
remote unit, rubber tubing and connectors. 
Each $1,425.00 
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THE BECK 
SPECTROSCOPE 
CATALOG... 


describes a complete range of new spectroscopes and acces- 
sories. Send for your free copy describing instruments such 
as". 


the New Beck Direct-Reading Spectrometer No. 3505 
which reads wavelengths direct in Angstroms on graduated 
drum to 1A yet costs only $260.70. This Spectrometer in- 
creases accuracy and convenience and eliminates error by 
featuring the reversed spectra technique. Two spectra are 
formed, one beside the other, but the direction of their colors 
is reversed. The spectra are moved across the field by a mi- 
crometer screw, but they travel in opposite directions. Read- 
ings are obtained quickly, exactly and without error by set- 
ting the line in one spectrum against the same line in the other 
and reading the wavelength to 1A direct from the microm- 
eter head. 


Wavelength Prism Spectroscope No. 2522 employs a train 
of five prisms, has an illuminated, numbered scale in the field 
of view with divisions representing 100A and costs only 
$98.80. 


e CONTENTS « 
SPECTROSCOPES: 


diffraction 

diffraction, reading 
diffraction, wavelength 
gemmology 

micro 

prism 

prism, wavelength 
reversion, Hartridge 
reversion, wavelength 
ultra violet 





Complete list of accessories includes: 


Gratings, diffraction 
Holders, test tube 

Lens Attachment, cylindrical 
Prisms, 60° 

Prisms, 90° 

Prisms, comparison 

Prisms, hollow 60° 

Prisms, spectroscope 


DOBSON OZONE 
SPECTROPHOTOMETER 





THE 
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- rain A NEW CONCEPT 


IN CLINICAL CHEMISTRY! 








- } 
Lyophilized, single assay, reagent tubes for 
determination of. serum TRANSAMINASE, URIC ACID 
and LACTIC ACID DEHYDROGENASE 


ACCURATE SIMPLE LOW-PRICED 


(merely add water, serum and read) 


Although developed for use with a spectrophotometer, a spectrophotometer is not necessary for 
Transaminase or LDH Determinations. The tubes may be used as cuvettes in the new, low priced 
COENZOMETER (pat. pending) which measures absorption at 340 mu. This instrument is currently 
being introduced by Macalaster Bicknell Company, 243 Broadway, Cambridge, Mass. 


Keoalal “sa 


REQUIRING NO DEPROTEINIZATION or HEATING 





Based on the coupled enzyme system of glucose oxidase and peroxidase, the reaction is 
specific for glucose. 


A blood glucose can be obtained in 11 minutes using 0.1 ml. serum or plasma. A photoelectric 
colorimeter is the only piece of special apparatus necessary. Simply add serum to reagent and read 
color in 10 minutes. 


With proper precautions, the method is suitable for urine glucose determinations. 


SIMPLE SPECIFIC QUANTITATIVE 


Write to us for complete information including coenzometer literature 


WORTHINGTON BIOCHEMICAL CORP. 
FREEHOLD, N. J. 
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MANUFACTURED GAS SAMPLE 


Sample Volume 1 cc 
Column P-E type ‘J’ (2 meters) 
Carrier Gas Helium 
Temperature 25°C. 


This fractogram shows an analysis of a manufactured gas by 
“intermix calibration” technique (the introduction of a stand- 
ard gas of known composition into a sample run). Accurate and 
rapid quantitative results are obtainable since the ratio of 
corresponding peak heights is equal to the ratio of the com- 
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ponent concentrations. Results: 


Methane 64.0 Ethane 2.2 
Nitrogen 21.0 Ethylene 0.2 
Carbon Dioxide 25 Propane 0.5 
Carbon Monoxide 3.0 Hydrogen 6.6 


Figures for Carbon Monoxide and Ethylene were obtained b 

internal normalization, Hydrogen by the difference. If desired, 
Hydrogen may be determined by a separate analysis. A liquid 
partition column is used for analysis of the heavier ends. (X ‘ 
values represent step attenuations of recorder sensitivity. ) 
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Accuracy of gas analysis is dependent upon reproducibility of 
sample volume. The series of runs above demonstrate the unsur- 
passed sample metering precision of the Perkin-Elmer gas sam- 
pling system for the Models 154 and 154-B Vapor Fractometer. 


Sample Volume 1 cc 

Column P-E type “’D” (2 meters) 
Carrier Gas Helium 

Temperature as. 


New P-E Model 154-B Vapor Fractometer gives 


PRECISE FUEL GAS ANALYSES AT LOW COST 


P-E’s Model 154-B Vapor Fractometer, based on the principles of gas chroma- 
tography, will perform an analysis of a complex mixture of fuel gases—from 
hydrogen through the pentanes—in less than 60 minutes. Results equal or 
exceed those obtainable by expensive spectrometric methods, yet initial invest- 
ment and operating costs are far less—by a factor of at least 10! 

P-E feels that this powerful tool will find as broad applications in the 
chemical industry as any analytical method in existence today and will com- 
pletely dominate the gas analysis field within the next five years. 

If you're interested, write us for a preprint of “Fuel Gas Analysis by Vapor 
Fractometry (Gas Chromatography ),” V. J. Coates and N. Brenner. Our 
sales engineers are ready to assist you in applying the Vapor Fractometer 
in your operation. 


Perkin-Elmer CORPORATION 


NORWALK, CONNECTICUT 
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Tho Model 154-3 Vapor Fractometer with 
recorder in matching cabinet (right) is priced 
at $2,385.00. Also available without recorder. 
Send for descriptive bulletin. 
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Instruments and Man 


By devoting this issue of Science largely to instruments, we recognize the 
important part that instruments play in modern science, technology, and 
business organization. 

Everyone is familiar, at least by hearsay, with some of the achievements 
made possible by modern instruments, achievements in the development of 
sensing devices capable of operating under extreme conditions and sensi- 
tive to physical changes far beyond the range of human sense organs, com- 
puting machines of extreme rapidity, and devices for automatic control of 
machining and assembling operations. 

There can be no serious question about the indispensability of the new 
instruments for scientific advance: many current discoveries would have 
been quite impossible without use of the specially designed instruments 
made possible by modern technology, instruments that could not have been 
devised at an earlier stage in history. Improved instruments will surely be 
no less important for research progress in the future. 

This is all to the good. But a good many people are less certain about 
the benefits of the application of instrumental processes to factories and 
offices. The automatic factory and the automatic office are no longer 
dreams of the future; they are already present and will be more abundant 
in the future. 

No one can forecast how rapidly conversion to automatic factories and 
offices will occur, but a glimpse into the future can be obtained by con- 
sidering the program of the Third International Automation Exposition 
to be held in New York City next month. The titles of two conferences 
sponsored by the exposition are signposts to the future: “Human engineer- 
ing—automation and man” and “The challenge of automatic data process- 
ing to senior officers.” The exposition has arranged 54 “clinic classes” to 
acquaint industrialists with the machinery of automation. The classes will 
be grouped under the following headings: office automation and data 
handling; process automation; analog computers; digital computers; elec- 
tronic, hydraulic, pneumatic, and electromechanical techniques; automatic 
production, assembly, cleaning, and fabrication; servomechanisms; and 
optical techniques. 

Increased automation will undoubtedly intensify the changes that have 
been under way since the beginning of the industrial revolution in the con- 
ditions of employment and the use of leisure. Whether or not we can, as 
some think, gradually adjust to these changes without major unheaval 
remains to be seen. Our past history gives us grounds for hope——G. DuvS. 










BASIC TEACHING TOOLS FOR 








1. NEW Bausch &*Lomb TRI-SIMPLEX Micro-projector 


Indispensable for group orientation. Projects vivid 
images of fixed specimens or living organisms 
...ON screen or tracing pad. Catalog E-248. 


2. Bausch & Lomb “FL" Microscope 


Saves time: pre-focusing gage sets the focus; bright, 
sharp images are easy to see and understand. 
Color-corrected 10X and 43X objectives. Standard size 
and operation. Catalog D-185. 


3) 3. Bausch & Lomb Wide Field Macroscopes 


Versatile general science teaching aid, ideal for gross 
specimen studies and dissection, convenient for 









field trips. Erect-image or inverted-image models; 10X, 
20X, or 30X; with stand or folding tripod. 
Catalog D-1052. 


4. Bausch & Lomb BALOPTICON:® Projectors 


“Individualizes” instruction with brilliant, detailed images, 
clearly visible in large classrooms. Projects slides, 

pictures, opaque objects, even chemical 

reactions! Catalog E-11. 


WRITE FOR DATA 
STUON Gl cerca @)VGsme AND DEMONSTRATION 


Write to Bausch & Lomb Optical Co., 


once UT 53 64210 St. Paul St., Rochester 2, N.Y. 
(Please indicate catalog numbers.) 


America’s only complete optical source... from glass to finished product. 
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Data Processing for 


It is the thesis of this article that sci- 
entists can expect, and indeed can de- 
mand, more assistance from machines in 
the matter of scientific data handling 
(1). This will be available through the 
use of techniques which have had a re- 
cent, rapid development in business and 
accounting applications. 

Two of these techniques are consid- 
ered here in their relation to science: 
integrated data processing (IDP) and 
electronic data processing (EDP). My 
plan is first to provide a short background 
in the concepts of IDP and EDP through 
a consideration of the reasons for their 
development in business. This is followed 
by several case-histories of successful ap- 
plications and by some information on 
the machines involved. Finally, I want to 
connect this to the related problem of 
scientific information storage and use by 
discussing current work in classification 
and indexing, closing with some recent 
work on computers that points toward 
increased use in the future. 

The scope of the discussion is limited 
for a number of reasons. There has been 
a flood of books and articles on this sub- 
ject which have, by the way, not been 
adequately handled by bibliographic 
means. The only extensive bibliography 
(2), for instance, has neither a subject 
nor an author arrangement. Preparation 
of an authoritative bibliography on data 
processing containing adequate indexes 
would be a timely venture. 

Another limitation of the subject mat- 
ter must be understood. No mention is 
made here of operations research, linear 
or other programming, game theory, in- 
formation theory, and other new disci- 
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plines that touch the matter at some 
point. The use of these disciplines is men- 
tioned in several of the books noted in 
“References and Notes.” 


Definition and Origin of IDP 


Early in 1954, the American Manage- 
ment Association held a conference on 
“Integrating the office for electronics,” 
which described the pioneer work of the 
U. S. Steel Corporation in office mechani- 
zation. Apparently, it was here that the 
phrase “integrated data processing” was 
first publicly used. A published report 
(3) of the conference gives a statement 
about the elements of IDP. They are 
two: (i) Creation of a document is ac- 
companied by recording of the data in 
mechanical form. (ii) Subsequent proc- 
essing of the data is done mechanically 
in an integrated system. 

Closely connected with this original 
statement is the concept of a “common 
language” (3, p. 9). This refers to a 
means by which IDP can be carried out, 
in this case a group of machines that can 
interchange data through the use of the 
same impulse-code for each symbol in- 
volved. The U.S. Steel program decided 
on the five-channel punched paper tape 
(Fig. 1), already used with telecommuni- 
cations equipment, as the carrier for this 
common language, and it has been widely 
adopted. More is said on this later. 

Unfortunately for a scientific audience, 
data here is used to mean almost any 
business information whatever, such as 
that involved in accounting, sales, or pay- 
roll handling. We shall come back to a 
more familiar use of it later on. Process- 
ing refers to any subsequent use of the 
information or “data,” and in this con- 
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text it is used to mean processing by way 
of some machine. 

Electronic data processing (4, 5), by 
contrast. does not have a sharp beginning 
but developed through the use of large- 
scale computers, in experimental trials. 
It is evident that the two concepts merge 
where any electronic components are 
used in an integrated system. The advan- 
tages, of course, are the speed, flexibility, 
and capacity of such devices, It, never- 
theless, remains true that it is possible to 
use an electronic data processor without 
having an integrated system. 

It seems reasonable to refer to work in 
this area as data processing, and to re- 
serve automation for the handling of 
materials by mechanical control, al- 
though the terms have been used inter- 
changeably (6). 

Let us consider why an industry would 
scrap long-used office procedures for a 
method that is often initially of little 
economic advantage and raises impor- 
tant management and personnel prob- 
lems. I believe the answer is in the future 
value that a company can hope to gain 
by having its paperwork under tight con- 
trol, with a concurrent reduction in its 
clerical force. The implications that this 
rather trite statement has for science and 
its problems should concern us all. Do 
we, at present, have good bibliographic 
control over the documents that we pro- 
duce? Consider government research re- 
ports or atomic energy literature. Are we 
committed to a situation in which an 
ever-larger number of our dwindling sup- 
ply of scientists act as “clerical workers,” 
through failure to apply scientific meth- 


‘ . 
ods to science’s own record? The exam- 


ple of another area of human activity— 
namely, business—can show us a perti- 
nent model here for recasting our own 
procedures. 


Business Applications 


What are some of the applications 
that have proved successful? 

Suppose we look at the pioneer effort, 
that of U.S, Steel (3). This company 
found that its old procedures for proc- 
essing of data about its procurement, 
manufacture, and sale of products were 
falling behind the requirements of man- 
agement for prompt information. The 
redesign of parts of the system would not 
remedy this situation. Partial mechaniza- 
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tion led only to an increase in repetitive 
keyboard entries of the same data. 

Fortunately the suppliers of office 
equipment were receptive to a new ap- 
proach, and in the past few years they 
have brought out a variety of machines, 
such as adding machines, electric type- 
writers, printers, and bookkeeping ma- 
chines, which either accept or create the 
five-channel common-language tape. As 
an example, this has enabled the U.S. 
Steel Corporation to prepare, for each 
Monday morning, an accurate inventory, 
as of the previous Friday afternoon, of 
up to 200 models in each of 130 different 
locations, with a variety of data on each 
individual model. This, of course, is a 
single link in a highly integrated chain 
of procedures. 

Another instructive example exists in 
the program now used by the Aluminum 
Company of America for handling orders 
(7). An integrated system takes order 
tapes, which have been prepared in more 
than 60 sales offices, and transmits them 
through a teletypewriter switching center 
at the rate of 1000 per day to 24 differ- 
ent plants. The five-channel punched 
paper tape again carries the common lan- 
guage. Initial recording on a tape-cutting 
typewriter starts a series of repetitions 
which ultimately produces duplicates for 
proof copies, sales orders, salesman’s 
copy, production planning copies, and 
even shipping labels, besides numerous 
file copies. 

Such tight control of the information 
flow was achieved by intensive study and 
redesign of forms and procedures, once 
the concept of integration was accepted. 
Several years of work by many people 
were required to reach the point where 
successful operation could begin. 

A third system, planned with utiliza- 
tion of an electronic data-processing 
machine in mind, has been developed by 
the Chesapeake and Ohio Railroad (8, 
pp. 74-122). It is referred to as “The 
one-shot process,” which symbolizes the 
goal of a single keyboard entry of infor- 
mation. 

In 1954, the C. and O. used more than 
a billion pieces of paper, chief among 
them being millions of freight waybills. 
The information on this form was mi- 
nutely analyzed, by a special methods 
research team, with regard to the source 
and future use of each individual entry. 
It became apparent that extensive dupli- 
cation existed in later retyping of the 





Fig. 2. The Programatic Flexowriter, an 
important part of many IDP systems. 


same information. In combination with 
other forms, such as car orders and wheel 
reports, it was possible to plan an inte- 
grated system, using the five-channel 
tape, a teletypewriter network, and a 
large-scale, general-purpose computer. 
The input was decentralized so as to in- 
clude any place where data originated, 
and the communications network car- 
ried it to the central computer. The out- 
put goals were as follows: (i) current 
digested results for management deci- 
sions, (ii) exceptions for investigation, 
and (iii) detailed listings for reference. 

A company official, E. L. Morrison, 
has said (8, p. 96) : “The ultimate objec- 
tive of the communications network is 
the provision, eventually, of a major in- 
put for the computer. The design and 
development work that has gone into the 
network, the format in which the infor- 
mation is placed, the distribution of that 
information and the necessary machine 
coding have been developed to be com- 
patible with this computer use. Thus we 
have achieved a translation of the in- 
formation from clerical documents to 
machine language, performing it by key 
stroke, in all the varied locations over 
the railroad. In effect, we have decen- 
tralized the key-punching function. The 
teletypewriter network brings the infor- 
mation all together, in form for process- 
ing in the computer. 

“The computer can produce, much 
more quickly and economically than ex- 
isting methods, many of our current oper- 
ating reports for management. These re- 
ports, by and large, were developed as 
being the most refined tools that could 
be produced under a completely manual- 
and, in some cases, a punched-card-ap- 


plication, But they lack the sophistication 
which appears necessary for modern 
management in a progressive industry. 
We look forward to computer ouptuts 
contributing to a more informed manage- 
ment judgment in a greater variety of 
areas, and at an earlier date after the 
fact, than has ever been previously pos- 
sible.” 

Many other, and equally successful, 
accounting and clerical applications of 
this general approach already exist. 


Some Implications for Science 


I have given these three examples be- 
cause I think they have lessons for the 
use of similar methods in scientific in- 
formation handling, lessons for groups 
such as all the science departments of a 
university, the research department of 
a business, or a government laboratory. 
These places now produce scientific in- 
formation and are paying for its handling 
in one way or another. 

If such a procedure were considered, 
one could look forward to steps such as 
these: (i) There will be a long period 
of preparation, including a job of getting 
the concept across to some person or 
group that can say “go ahead,” and sup- 
port will then be provided. (ii) Forms 
and procedures will probably require ex- 
tensive revision or replacement. Inciden- 
tally, despite its legal value, what could 
be more archaic than the handwritten 
recording of experimental results in the 
standard laboratory notebook? (iii) It 
will be of maximum value if the system 
is completely integrated, with some spe- 
cific end-use in mind. Fortunately, ma- 
chines for this goal are already well de- 
veloped. (iv) Not only will the output 
be rapid, and of improved accuracy, but 
it will be possible to provide answers to 
generic questions not hitherto possible. 

Take the man who wishes to test 100 
chemical compounds for their effects on 
12 species of plants, With replications 
and a variety of dosages, he can expect 
to deal with several thousand results of 
even one technique of application. At 
present he might report only the success- 
ful compounds, but even if a journal were 
to print all the data, they would usually 
still be considered as a single biblio- 
graphic unit, a “paper.” Here is where 
the item-by-item technique of electronic 
data processing shows its advantage. The 






















Fig. 1. Five-channel punched paper tape, the “common-language” medium in most integrated data processing. A sprocket channel is 


near the center. 
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Fig. 3. The IBM type 705 EDPM, a large-scale general-purpose data processor. 


complete set of results can be scanned 
rapidly, arranged, reordered, and ana- 
lyzed for correlations. 

Similar problems in data handling ex- 
ist in a series of wind-tunnel experiments 
where the number of variables is large 
and the speed of analysis could be critical 
(see later). 

I believe any scientist of even moder- 
ate acquaintance knows of caches of un- 
used scientific data that would be raw 
material for such a procedure as the 
afore-described one. If the Chesapeake 
and Ohio Railroad considers itself a 
statistical factory (for the Interstate 
Commerce Commission), it would not be 
unrealistic to consider a research labora- 
tory to be an information factory and to 
plan accordingly. 


Some Machines for IDP 


It will not be possible to note all the 
important mechanical devices that are of 
interest in connection with data process- 
ing. Fortunately, several recent books en- 
able one to survey these developments 
in detail (4, 9-11). 

In considering integrated data process- 
ing, the original keyboard step is gen- 
erally required to create two copies, One 
copy is a “graphic” form in which the 
result of keystrokes is readable—that is, 
visible—but which may consist of any 
symbols whatever, for instance, chemical 
formulas on a sheet of paper. The other 
copy, in “coded” form, is the same infor- 
mation in some common language, per- 
haps the five-channel punched-paper 
tape (Fig. 1), ordinarily used for further 
machine processing of the information. 
Each transverse row of holes in such a 
tape contains in coded form one symbol, 
such as the letter R, or an instruction to 
the machine. 

A widely used input device is the 
Flexowriter (12), an electric typewriter 
equipped with a tape punch and reader, 
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and the capacity for reproducing tape 
(Fig. 2). Operation of the machine pro- 
duces a typewritten sheet of paper (the 
graphic form) and a by-product tape 
(the coded form) containing all, or a 
selected part, of the information, Punch- 
ing is almost completely automatic. 
Errors are easily signaled and controlled. 

It is also possible to operate a type- 
writer and punch a standard tabulating 
card at the same time, or to type and 
at the same time enter the information 
onto magnetic tape. Oddly enough, little 
has been done with cards that carry mag- 
netic spots or strips. Recently, checks 
have been coded and sorted magnetically 
(13), and there have been several other 
experiments (8, p. 135; /4). 

An ingenious variant is the punching 
of a standard tabulating card with the 
usual tabulating punches and also with 
the five-channel punching along one or 
several edges (9, pp. 54a and 54b). The 
final card not only carries a code by 
which it can be sorted but also contains 
in coded form a means of repreducing 
text. 

Machines also exist which can inter- 
conveyst between cards and tape. In fact, 
it is probably safe to say that any stand- 
ard keyboard device can now also be 
found in a “common-language” version 
or can easily be turned into one. With 
the development of higher-capacity tapes 
(six-, seven-, and eight-channel forms 
already exist) almost any device that 
operates from or into a keyboard could 
be assimilated into an IDP system. 


Larger-Scale EDP Machines 


Kozmetsky and Kircher point out (10, 
p. 94) that the significant electronic 
counterpart to IDP machines is just now 
beginning to emerge. First came the true 
computer, the “scientific” computer, 
which required only moderate input and 
output but computed at high rates of 


speed. For applications such as payroll or 
accounting procedures, the second type, 
a “general-purpose” computer was de- 
veloped which could handle large vol- 
umes of input and output, in addition to 
altering each unit record in some way, on 
usual runs. The third type, and latest to 
arrive, is the one that seems destined to 
be most useful for scientific data process- 
ing. This “inventory” computer would 
also be expected to deal with large vol- 
umes of input and output data and to 
perform some logical operations, but in 
any one run it would refer to only a small 
part of all the items in the file. These 
characteristics fit in well with the usual 
procedures for storage and retrieval of 
scientific information. 

It will suffice here if we consider a 
large-scale computer and a medium-size 
computer for electronic data processing, 
with the understanding that these are 
representative of groups of similar de- 
vices (4, 9-11). 


IBM Type 705 EDPM 


The type 705 electronic data-process- 
ing machine is a high-speed, general- 
purpose device of advanced design (15) 
(Fig. 3). The principal processing and 
input medium is magnetic oxide-coated 
plastic tape. A tape reel 2400 feet long, 
equivalent to from 25,000 to 50,000 
punched cards, depending on arrange- 
ment, can be read into the system in 
about 6.5 minutes. This magnetic input 
tape can be prepared from punched 
cards or from punched-paper tape, with 
information in alphabetic, numeric, or 
symbolic characters. Internally the sys- 
tem utilizes magnetic core memory and, 
optionally, magnetic drum storage for 
high-speed access and processing. Ade- 
quate logical operations are provided, 
and programming can supply almost any 
imaginable complexity. 

A special device makes it necessary to 
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compare only a preselected part of any 
unit record on the tape with similar con- 
trol data in the 705 storage. Thus it 
would not be necessary to compare fully 
items that obviously did not fit require- 
ments, In scientific information search- 
ing, this would increase the speed of the 
operation, provided that coding and clas- 
sification or indexing were properly done. 
More is said on this later. 

Output onto magnetic tape is at the 
same rate as input, 15,000 characters per 
minute, A device is available which will 
“print” data at the rate of 1000 60-char- 
acter lines per minute. Other forms of 
output, such as punched cards, are also 
available. 

It is obvious that this system has the 
characteristics that were specified for 
search and retrieval devices. It is an ex- 
pensive data processor, but some measure 


of its value in business applications can. 


be learned from the fact that more than 
150 of these systems were on order at 
mid-year, 1956, and a score had been de- 
livered. 


UNIVAC File-Computer 


A medium-size, general-purpose com- 
puter that is also of potential interest in 
scientific data processing is the UNIVAC 
File-Computer (16). This system has a 
more flexible input, in that it will accept 
data directly from electric typewriters 
and other key-actuated machines in ad- 
dition to magnetic tape, perforated paper 
tape, or punched cards. Input speeds will 
vary accordingly, but magnetic tape is 
still the fastest input, about 6000 char- 
acters per second. 

All internal storage is on a variety of 
magnetic drums, assuring fast access 
time, given proper coding. Two methods 
of programming are available: stored 
program and external panel control. 
Output may be in the form of magnetic 
or perforated tapes, punched cards, or 
various printers, Although this machine 
is slower and smaller than the 705 and 
is correspondingly cheaper, it does pos- 
sess the desiderata for literature search- 
ing that are mentioned in foregoing para- 
graphs. 

These and other devices are in ex- 
istence now and could be used today for 
the purposes I have discussed. It seems 
likely that they will increase in speed and 
capacity as new models appear, in a way 
similar to past development. But what 
of the future for new types? 

A machine for reading printed matter 
directly off the page is currently under 
development in several laboratories (17). 
This would enable us to deal efficiently 
with the vast printed record of science by 
eliminating more keyboard work before 
printed material was ready for data 
processing. 
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Much more difficult problems remain 
before a speech typewriter is perfected, 
although it too is actively being inves- 
tigated (18). Such a tool could revolu- 
tionize our primary methods of preparing 
scientific data. 


Indexing and Classification 


Inventory entries on a magnetic tape 
must be tagged in such a way that the 
ones which match question data in the 
computer are “recognized.” Once the 
matching is done, program steps can as- 
sure the correct output of the informa- 
tion. Such tagging or coding, when one 
is dealing with scientific information, im- 
mediately raises questions of classifica- 
tion and indexing. These, properly, are 
not a part of IDP or EDP, but it may be 
well to indicate some current work that 
seems likely to be of value. 

Scientists in this country have not, in 
general, been satisfied with large-scale 
classification or marshaling schemes, such 
as the Universal Decimal Classification 
or the Library of Congress Classifica- 
tion. Instead, efforts to extend biblio- 
graphic control to scientific materials 
have largely turned to indexing tech- 
niques. 

The main limitation of the latter is 
the fixed array imposed by the alphabet 
on an index. The white pages of a tele- 
phone directory are a good example. An- 
other limitation, that of space, ordinarily 
precludes all permutations of a multiple 
subject heading from being entered. For 
instance, “Electromagnetic-waves-propa- 
gation-equations” can be arranged in 63 
other orders, many of them significant, 
and in the majority of lists only one per- 
mutation would be used. 

A technique for dealing with these 
problems has been proposed and used as 
the Uniterm system of coordinate index- 
ing (19). Briefly, the method consists in 
assigning to each document or unit rec- 
ord a unique serial number and charac- 
terizing the contents of the document by 
means of words, the uniterms, The docu- 
ment number is entered on each card 
bearing one of the uniterms; in our ex- 
ample the number for a document would 
be entered on four separate cards, To 
select documents dealing with these four 
topics, it would be necessary only to scan 
the four cards for common document 
numbers. In actual installations, all this 
matching is now done by hand, I believe, 
but note that the technique is one that 
would lend itself easily to machine proc- 
essing. As such it should be investigated 
for scientific applications of EDP. 

Another system, which starts from dif- 
ferent premises, is largely the work of J. 
W. Perry and his associates (20). His 
concern begins with the problems of lan- 
guage, and he has minutely analyzed 


thousands of scientific terms into “se- 
mantic factors.” Thus, a pyrometer is a 
“temperature-measuring device,” as is a 
thermometer. This analysis and a concern 
for the logic of classes led him more di- 
rectly to a consideration of machine han- 
dling of scientific data, His final product 
in the system, an encoded, telegraphic- 
style abstract, becomes an item particu- 
larly amenable to machine manipulation. 

These two examples are representative 
of work that is being done on the prob- 
lems of indexing and classification (2/). 
The fact that most of it occurs in science 
and technology stems, I believe, from the 
dissatisfaction that scientists have ex- 
perienced with existing methods in these 
areas. 


Some Related Current Work 


I know of only one integrated system 
at present that utilizes the approach 
under discussion in dealing with scientific 
data. It exists at the Lewis Flight Pro- 
pulsion Laboratory, Cleveland, Ohio 
(22). A wind tunnel is fitted with instru- 
ments which take readings of such pa- 
rameters as speed, thrust, temperature, 
and fuel flow. The digital encoder trans- 
lates these signals to binary code (in 
which the number 2 is the base) and re- 
cords them on magnetic tape. From this 
the data can be reduced to usable form 
immediately or printed out for future 
study and reference. 

With the large number of EDP ma- 
chines going to industry for accounting 
work, it should not be long before some 
company with a research department 
finds that research reports can be “writ- 
ten” on the computer in a matter of min- 
utes, and that, at the same time, storage 
of the data for future interrogation can 
be accomplished. 

There are already a few other pioneer 
examples of computer uses near enough 
to our subject to be instructive. A book 
containing 1 million random digits has 
recently appeared (23). This was “com- 
posed” by a computer at the Rand Cor- 
poration specifically programmed to gen- 
erate random numbers. 

A series of 20,810 self-demarcating 
code words has been generated on an 
electronic data processor (24). These 
words, from BAB to ZUZ and from 
BAAB to ZUUZ, have the property that 
no two words in conjunction can make 
another word in the system by chance 
combination of letters. They thus elimi- 
nate the necessity for “word-stop” marks 
and thereby increase coding efficiency. 

A most imaginative use of computers, 
similar to the foregoing example, has 
been the coining of “drugless names” by 
the thousands for Chas. Pfizer & Co. 
(25), A computer, again programmed in 
a special way, combined syllables to make 
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names for future drugs, thus neatly avoid- 
ing a tedious and formerly unsystematic 
task. 


The Revised Standard Version of the . 


Bible obviously requires a new concord- 
ance, and it was the happy thought of 
Reverend John W. Ellison that this be 
made with the aid of UNIVAC (26). 
Every word of the new Bible was entered, 
with its context, onto four reels of mag- 
netic tape. By proper programming, the 
machine eliminated 132 frequently used 
short words (thus reducing the number 
of entries from 800,000 to 350,000) and 
then rearranged the words alphabeti- 
cally. The output included the context 
and book, chapter, and verse. 

The foregoing four examples have had 
outputs that would correspond to prepar- 
ing compilations of scientific data and 
thus illustrate only that part of the 
process, 

A meaningful and pertinent use of data 
handling for answering questions has re- 
cently been described by two chemists 
from the Dow Chemical Company (27). 
They have attacked an old problem in 
chemical literature searching: how to 
select chemicals having parts of struc- 
tures in common. For instance, it may 
be required to select from an “inventory” 
of chemicals, stored on tape, all those 
containing two nitro groups, or those 
with three or more rings, or even chemi- 
cals having groups in a specified orienta- 
tion to one another. 

Using a specially designed code for 
chemical structure, and with the aid of 
a general-purpose, stored-program digi- 
tal computer, Opler and Norton have 
been able to program a search on 1000 
compounds that takes only a few seconds 
to complete. A manual on this program 
has appeared (28). The code for this 
experiment is of interest because it is 
derived from more general topological 
solutions, which have a bearing in search- 
ing circuit diagrams, maps, and the like 
(29). 


It may also be of interest to record 
here that a mathematical model for in- 
tegrated data systems has been proposed 
(10, p. 275). 


Summary 


This brief survey of integrated and 
electronic data processing has touched 
on such matters as the origin of the con- 
cepts, their use in business, machines that 
are available, indexing problems, and, 
finally, some scientific uses that surely 
foreshadow further development. The 
purpose of this has been to present for 
the consideration of scientists a point of 
view and some techniques which have 
had a phenomenal growth in the business 
world and to suggest that these are worth 
consideration in scientific data-handling 
problems (30). 

To close, let me quote from William 
Bamert on the experience of the C. and 
O. Railroad once more (8, p. 121): 
“Frankly, we have been asked whether 
we weren't planning for Utopia—the im- 
plication being that everyone except 
starry-eyed visionaries knows that Utopia 
is unattainable. Our answer is that of 
course we are! Has anyone yet discovered 
a better way to begin program planning 
of this nature? Our feeling is that com- 
promise comes early enough in the nor- 
mal order of things.” 
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ogy of liquid air temperatures has formed 
the basis for a multipurpose large-scale 
industry. Many plants operate today to 
produce liquid oxygen at rates of 120 
tons per day (/), and the commercial 
needs for these low-temperature products 
continue to increase. 


Production and Transportation of 
Low-Temperature Refrigerants 


The development of the production of 
liquid hydrogen and liquid helium on a 
commercial basis, however, is relatively 
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recent, and consequently the technology 
and instrumentation associated with these 
lower temperatures are today rapidly ex- 
panding. It is of interest to note that in 
September 1956 the second national 
Cryogenic Engineering Conference was 
held at the National Bureau of Stand- 
ards Laboratories in Boulder, Colorado, 
and that this conference devoted a major 
fraction of its program to instrumentation 
for temperatures of liquid hydrogen and 
below. 

The NBS Boulder Laboratories oper- 
ate a large-scale hydrogen liquefaction 
plant capable of producing more than 
300 liters per hour. A brief description 
of this equipment was published in Oc- 
tober 1953 (2). The same liquefier when 
run with helium gas (although only at 
two-thirds capacity) produced 120 liters 
of liquid helium per hour (3). Collins 
now has a helium and/or hydrogen lique- 
fier in operation in his laboratory at Mas- 
sachusetts Institute of Technology which 
produces either 50 liters per hour of 
liquid hydrogen or about 45 liters per 
hour of liquid helium (4). 

The uses to which this increasingly 
large-scale production of liquid hydrogen 
and liquid helium are being put are 
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manifold, and consequently transporta- 
tion of the refrigerants over long dis- 
tances is becoming increasingly common 
and necessary. In this regard, one may 
note that recently a liquid helium service 
has been established in England by the 
National Physical Laboratory which pro- 
vides many universities with this refriger- 
ant on a commercial basis. The institu- 
tion of a similar service in the U.S.A. is 
long overdue. 

Looking beyond the relatively modest 
needs of research institutions for a liquid 
helium service, a study has been made by 
Scott and his staff at the NBS Boulder 
Laboratories of the feasibility of trans- 
porting helium in large quantities as a 
liquid rather than as a high-pressure gas, 
as is now done. They have estimated that 
a plant producing 400 liters of liquid 
helium per hour would allow its trans- 
portation as a liquid to compete eco- 
nomically with present rates (3). A simi- 
lar conclusion has been arrived at by Col- 
lins (4), who considers it possible to re- 
duce the cost of liquefying both hydrogen 
and helium to a figure only slightly 
greater than the cost of liquefying air. 

Some of the newer and developing uses 
of liquid hydrogen are, for example, the 
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Fig. 1. Schematic diagram of technical arrangement for the extraction of deuterium from 
natural hydrogen containing 0.028 percent HD, due to Clusius and Starke (8). 
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separation of the hydrogen isotopes by 
distillation, the cooling of very high field 
electromagnets, and as the working liquid 
in large bubble chambers. The develop- 
ment of liquid helium bubble chambers 
is a new aspect of very low temperature 
instrumentation. A brief outline of these 
relatively new instrumental developments 
in cryogenics follows. 


Separation of Hydrogen 
Isotopes by Distillation 


The pioneer work of Urey, Brick- 
wedde, and Murphy (5) on the enrich- 
ment of deuterium was by a distillation 
process. Subsequently small-scale sepa- 
rations by distillation have been carried 
out by Keesom and coworkers (6), Brick- 
wedde and Scott (7), and Clusius and 
Starke (8). The latter work was done in 
1941-42 but was not published until 
1949, at which time the commercial im- 
portance of heavy water for power reac- 
tors emphasized its significance. Large- 
scale distillation separation of deuterium 
is economically significant only if by this 
technique the price of D,O can be re- 
duced well below that of other more 
usual methods of heavy water produc- 
tion (3, 9). In fact, the distillation proc- 
ess looks economically very advanta- 
geous, as was pointed out by Clusius and 
Starke (8), who computed that D,O 
could be produced by this process for 4.8 
kilowatt hour per gram as compared with 
120 to 150 kilowatt hour per gram by the 
electrolysis of water (10). 

The Clusius-Starke process for the 
large-scale separation of deuterium pro- 
posed fractionating natural hydrogen, 
which has about 0.028 percent HD con- 
tent, in a primary rectifying column at 
about 20°K, so that the top of the column 
would be essentially HD free and the 
bottom would have 5 to 10 percent. HD 
content. The HD-rich liquid would then 
pass to the top half of a secondary frac- 
tionating column, from the bottom of 
which nearly pure HD would be ex- 
tracted. This HD, after passing through 
heat interchangers, would be converted 
at room temperature by a catalyst so 
that the reaction 2HD = H, + D, would 
take place. The reacted product, H, + 
HD+ D,, would be fed back, by way of 
the heat exchanger, to the lower half of 
the secondary fractionating column, from 
the bottom of which pure deuterium 
could be drawn off. The flow diagram is 
given in Fig. 1. 

Plants, using processes similar to the 
one just described, were designed in 1950 
by Hydrocarbon Research, Inc. (11) in 
the U.S.A. for liquid hydrogen distilla- 
tion to produce 34 tons of D,O per year, 
and plans have been made by Linde- 
Gesellschaft in Germany (/2) for the 
production by distillation of 6 tons of 
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D,O per year and by Le Societe l’Air 
Liquide (73) in Toulouse, France, for 2.5 
tons per year. The latter two plants are 


to be located at large synthetic ammonia - 


plants, so that the raw hydrogen can be 
“borrowed,” stripped of its deuterium, 
and then returned. 

The problems involved in the detailed 
designs of such plants are peculiar to the 
unusually low temperatures and to the 
characteristics of the material being proc- 
essed, and experimental work on such 
problems has recently been reported (/4) 
by the NBS Cryogenic Engineering Labo- 
ratory at Boulder, in particular concern- 
ing the efficiency of various types of 
plates for use in the fractionating col- 
umns. 


Liquid Hydrogen-Cooled 
Electromagnets 


By cooling the windings of electro- 
magnets with refrigerant liquids, a con- 
siderable gain in the power consumption 
for a given magnetic field times volume 
product can be achieved. Liquid nitro- 
gen-cooled solenoid magnets have been 
operated by Collins (15) and by Fritz 
and coworkers (16). In the hollow cy- 
lindrical core of such a magnet, the core 
being 21% inches in diameter and 4 inches 
long, a field of 22 kilogauss could be 
maintained with a power dissipation of 
15.3 kilowatts and a liquid nitrogen con- 
sumption of 5.7 liters per minute (/5). 

Liquid hydrogen-cooled solenoids have 
been developed at the Los Alamos Sci- 
entific Laboratory, and a recent report 
by Laquer (17) states that a wire-spaced 
“jelly roll” type solenoidal magnet, 5 
inches long, 2% inches inside diameter, 
and 7! inches outside diameter, main- 
tains a field of 65 kilogauss for a dissipa- 
tion of 15 kilowatts when it is cooled by 
“freshly boiling hydrogen.” This corre- 
sponds to an evaporation of 28.2 liters of 
liquid hydrogen per minute. Where 
liquid hydrogen is available in very large 
quantities, this offers a significant method 
of attaining intense magnetic fields with 
minimum power requirements. 


Liquid Hydrogen and Liquid 
Helium Bubble Chambers 


The bubble chamber, introduced by 
Glazer (18), like the Wilson cloud cham- 
ber, detects tracks of ionizing particles. 
The chamber is filled with a suitable 
liquid which is brought into a super- 
heated state by rapid expansion. Ionizing 
particles passing through the liquid pro- 
duce centers of nucleation for the boil- 
ing of the liquid and produce a “bubble” 
track. One of the most useful liquids for 
such bubble chambers is liquid hydrogen, 
since nuclear events involving protons are 
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of particular significance. As is pointed 
out by Hildebrand and Nagle (19), who 
first reported the construction of a liquid 
hydrogen bubble chamber at Chicago 
University, it provides “a hydrogen target 
of greater density and purity than can be 
achieved in a cloud chamber.” 

For successful operation, the chambers 
must be maintained at about one-half of 
the critical pressure of the liquid before 
the expansion takes place: low boiling 
point liquids, with their correspondingly 
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Fig. 2. Schematic diagram of liquid hydro- 
gen bubble chamber, due to R. B. Scott. 
The expansion is effected by expanding the 
vapor through the valve into the expan- 
sion cylinder. [Drawing from W. Meissner, 
Z. Kaltetechnik. 8, 34 (1956) ] 
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Fig. 3. Diagram of liquid He* bubble 
chamber, due to Harth, Fairbank, Blevins, 
and Slaughter (20). The expansion is 
effected by an upward movement of the 
piston, which is in direct contact with the 
surface of the liquid. The piston is of 
Teflon and slides in a close-fitting Teflon 
sleeve. 


low critical pressures, allow small operat- 
ing pressures to be employed. In liquid 
hydrogen bubble chambers, pressures of 
about 5 atmospheres are usually em- 
ployed; and in the helium bubble cham- 
bers, first developed by Fairbank and co- 
workers at Duke University (20), atmos- 
pheric pressure is used, which technically 
is very advantageous. In the hydrogen 
bubble chamber being developed by the 
NBS Cryogenic Laboratory and the Uni- 
versity of California Radiation Labora- 
tory (3), the operating pressure and tem- 
perature are 5 atmospheres and 27°K, 
respectively; that is, the liquid hydrogen 
is subcooled. The expansion suddenly re- 
duces the pressure to 2 atmospheres and, 
after a time of approximately 2 milli- 
seconds, the bubble tracks are photo- 
graphed. 

The expansion of the liquid in the 
chamber can be achieved either by rapid 
expansion of the vapor above it, as is 
shown in the liquid hydrogen design of 
Fig. 2, or by actual expansion of the 
liquid itself, as is shown in the liquid 
helium arrangement of Fig. 3, which is 
designed to have a 1.01 expansion ratio. 

A liquid hydrogen bubble chamber 10 
inches in diameter and 6¥2 inches in 
depth with an active volume of 8 liters 
has been put into operation at the Uni- 
versity of California Radiation Labora- 
tory (2/), and it is located in a magnetic 
field of 12-kilogauss intensity. A still 
larger one for use with the 6-Bev accel- 
erator, having a glass window 20 by 72 
inches and a volume of approximately 
500 liters, is being designed by the Uni- 
versity of California Radiation Labora- 
tory and the NBS Cryogenic Engineering 
Laboratory (3, 22). 

The liquid helium bubble chambers 
at present being designed are more mod- 
est in size; Fairbank et al. (23) are re- 
porting now on chambers 8 by 5 by 4 
inches. 


Magnetic Refrigerator 


To obtain temperatures below 1°K, 
the well-established method of magnetic 
cooling first proposed in 1926 independ- 
ently by Giauque (24) and Debye (25) 
has been in use since 1933. This method 
makes use of the magneto-caloric effect 
in paramagnetic substances, which, when 
they are adiabatically demagnetized, suf- 
fer a temperature drop. Starting at initial 
temperatures of about 1°K, temperatures 
as low as a few millidegrees can be 
reached within suitable paramagnetic 
salts. The paramagnetic cooling sub- 
stance, together with such experimental 
arrangements as may be in thermal con- 
tact with it, after attaining the low tem- 
perature suffers continually thereafter a 
steady heat influx from its surroundings. 
The final end temperature of the process 
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is that of the surrounding liquid helium 
bath. 

Recently a cyclic system of magnetic 
cooling has been devised by Daunt and 
Heer (26) which can maintain a reser- 
voir continuously at temperatures below 
1°K. In our first working model of this 
cyclic system (27) temperatures as low as 
0.25°K could be continuously main- 
tained (28, 29). Its operation can be fol- 
lowed from the diagram of Fig. 4. Here 
the paramagnetic salt A is the working 
substance, suspended in a vacuum cham- 
ber that is immersed in a liquid helium 
bath at about 1°K. The working sub- 
stance is connected thermally, on the one 
hand, to the bath by way of the thermal 
valve V,, which is in the form of a thin 
lead ribbon soldered to copper supports 
E, and, on the other hand, by way of a 
similar thermal valve V,, to the reservoir 
R, which is to be continuously refriger- 
ated. The thermal valves, which can be 
made to allow or almost prevent the flow 
of heat through them, depend for their 
action on the fact that pure supercon- 
ducting substances such as lead, at tem- 
peratures well below their transition tem- 
peratures, have a thermal conductivity in 
their super state much smaller than that 
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Fig. 4. General arrangement of the low- 
temperature parts of the magnetic refrig- 
erator (26, 27, 29). 
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in their normal state (30). The transi- 
tion from super to normal state can be 
made reversible by the application of a 
small magnetic field (for the lead ther- 
mal valves, switching fields of about 800 
gauss are used), and hence by application 
or removal of this magnetic field the 
lead strip can be made either a thermal 
conductor or a thermal insulator. The 
operation of the cyclic refrigerator there- 
fore consists in having valve V, “open” 
and V, “closed” when A is being mag- 
netized, and on the demagnetization of A 
valve V, is closed and V, opened. During 
the demagnetization therefore the reser- 
voir R can share in the cooling produced 
in A. The complete cycle, in which ferric 
alum as the working substance is mag- 
netized in fields of about 7 kilogauss, is 
repeated every 2 minutes, the operation 
being controlled by the switching in cor- 
rect succession of three magnetic fields, 
one for the working substance and two 
for the thermal valves. 


Thermal Rectifier 


An interesting thermal rectifier for use 
below 1°K has been reported by Hwang, 
Fulton, and Fairbank (31). In their pre- 
liminary experiments they used a 3-per- 
cent solution of He® in He* located in a 
vertical stainless steel capillary 4 inches 
long and 0.017 inch inside diameter, the 
lower end of which was tied thermally to 
the temperature of a helium bath at 
about 1°K and the upper end supported 
a paramagnetic salt for magnetic cooling. 
They found that when the upper end was 
warmer than the lower end, heat flowed 
easily through the tube, whereas when 
the salt was cold the tube was an effective 
thermal insulator. This rectifying action, 
they suggested, was due to the fact that 
when the upper end was the cooler, in- 
ternal convection within the He*® and 
He solution would carry the He? to the 
top, where it would form a thermally 
insulating “pocket.” On the other hand, 
when the temperature gradient is re- 
versed there is no gravitational prefer- 
ence for collecting a pocket of He® from 
the convective process. The rectifying 
action therefore is dependent on the 
gravitational field. A similar strong de- 
pendence of the heat conductivity of He? 
and Het solutions on the relative direc- 
tions of gravitational and thermal field 
gradients has been noted in work on very 
dilute solutions by Beenakker, Taconis, 
Lyndon, Dokoupil, and van Soest (32). 
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Fixed-Field Alternating- 


Gradient Accelerators 


Developments in the art of designing 
high-energy particle accelerators may be 
of interest not only to nuclear physicists 
but also to those working in chemical and 
engineering fields, to biologists, and to 
workers engaged in medical research. 
For the physicist, the possibility of study- 
ing particle reactions at increasingly high 
energies may be the most exciting aspect 
of such developments, although a sub- 
stantial increase of intensity, at energies 
presently available, would make possible 
definitive experiments that are now diffi- 
cult to perform. For production of radi- 
ation effects on matter en gros, as in the 
production of cross-linkages in poly- 
mers or in various investigations of radi- 
ation damage, intensity may be the more 
important characteristic of an acceler- 
ator. In the present article (7), I attempt 
to outline a potential new development 
in the accelerator art. which appears: to- 
offer not only the prospect of certain 
engineering advantages but also the 
promise of a substantial increase of in- 
tensity or of the energy available for the 
study of particle reactions. Analysis of 
the particle orbits to be expected in the 
proposed structures affords a number of 
important and challenging mathematical 
problems concerning which, it may be 
hoped, an improved analytic understand- 
ing will be built up to supplement results 
obtained by digital computation. 

The developments discussed here are 
the result of study by a group of mid- 
western physicists (2) who were stimu- 
lated by the broad class of new acceler- 
ators apparently made possible by the 
use of the alternating-gradient principle, 
which was first announced from the 
Brookhaven National Laboratory (3). 
Specifically, in contrast to the present 
Brookhaven efforts, the midwestern 
group has concentrated on a class of 
cyclic accelerators employing magnetic 
fields that are constant in time. 

In any cyclic accelerator, such as the 
cyclotron, betatron, or synchrotron, a 
charged particle makes a great number 
of revolutions within the structure, gain- 
ing a relatively small amount of energy 
on each turn, and the provision of suit- 
able focusing forces is essential. It may 
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be of interest to note in this connection 
that, in a number of typical accelerators 
now in use, the distance covered by the 
particle during the acceleration process 
ranges from one-third of the distance 
across the United States to some 6 or 8 
times around the earth. Since particles 
with energies that are at least slightly 
different will be simultaneously present, 
a related property of an annular acceler- 
ator of importance in its effect on the 
cost of the structure is the ability to ac- 
commodate particles with various ener- 
gies within an annular region of limited 
radial extent. 

If, as is customary, the particles are 
guided by a magnetic field as they follow 
their orbits around the accelerator, it is 
particularly convenient to achieve the 
requisite focusing by adjustment of the 
spatial variation of this field. In the case 
in- which- the: fields show no- variation 
with azimuth, a suitable index to char- 
acterize this spatial variation is 

_ 7 dB 


a oe 


where r represents the distance from the 
central axis of the machine, and B repre- 
sents the strength of the (axial) field in 
the median plane. In the absence of an 
azimuthal variation, stability in both the 
radial and axial directions is obtained 
only if the condition 


=) <e<0 


is satisfied. The energy or momentum 
content of such a machine is expressed by 
the quantity 

18 


+ =n+1 


a= 
where / denotes the particle momentum, 
and a is so small than an annular acceler- 
ator must then be operated in a pulsed 
manner to provide an increasing field 
adequate to hold particles of increasing 
energy within the machine. 

In a conventional continuous-wave 
cyclotron, with the index n constrained 
to lie between 0 and —0.2 in order to 
avoid a coupling resonance between the 
radial and axial oscillations, the require- 
ment that the frequency of revolution 





be independent of energy imposes a 
limitation on the attainable energy when 
the relativistic increase of mass becomes 
significant. 


Description 


A markedly greater energy content can 
be achieved in an annular accelerator if 
a rapid radial increase of the guide field 
is permitted by introduction of alternat- 
ing-gradient focusing to maintain orbit 
stability. The field may then be capable 
of accommodating simultaneously parti- 
cles of a wide range of energy, and the 
field strength could be independent of 
time. Such a modification, although it 
introduces complications associated with 
the significantly nonlinear character of 
the differential equations governing the 
particle motion, evidently promises a 
number of significant advantages. 

1) Direct-current magnet construction 
and excitation may be employed. 

2) The magnetic field need only be 
adjusted for operation at a single level 
of excitation, thus avoiding the difficul- 
ties associated with remanence, satura- 
tion, and eddy currents in a pulsed 
accelerator. 

3) There is greater freedom in the 
choice of injection energy, and the time 
schedule for the acceleration process is 
flexible. 

4) High intensity appears possible, 
owing to the permissible flexibility in 
planning the means of particle acceler- 
ation. Azimuthal variation of the field 
in a cyclotron, with the associated alter- 
nating-gradient focusing effects, can also 
be advantageous, because it allows higher 
energies to be reached than otherwise 
would be perinitted by the relativistic in- 
crease of mass with energy. 

In subsequent paragraphs I discuss a 
number of specific types of structures in 
which _ fixed-field alternating-gradient 
focusing is present (4-6). The structures 
are of two general types, one employing 
radial sectors and the other a spiral 
sector pattern. The first-mentioned type 
is in some ways simpler and easier to con- 
struct, while the second appears to per- 
mit a smaller accelerator for a given 
energy. In all the structures, particles 
with a wide range of energies can be 
simultaneously accommodated by virtue 
of a magnetic field whose average value 
around the machine varies with radius 
as r*, and focusing forces leading to sta- 
ble motion are obtained by a suitable 
spatial variation of the field. 





The author is at present on leave of absence 
from Iowa State College to work at the University 
of Illinois as a member of the Technical Group of 
the Midwestern Universities Research Association. 
Some of the material on which this article is based 
was discussed at the International Conference on 
Accelerators in Geneva, Switzerland, during the 
week of 11 June and at a meeting of the Canadian 
Association of Physicists on 14 June 1956. 
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Reversed-Field Design 


In the reversed-field type of fixed-field 
alternating-gradient (FFAG) accelera- 
tor, the direction of the field is reversed 
from one sector to the next. The sector 
boundaries are usually supposed to be 
formed by geometric planes that extend 
radially from the axis of the accelerator. 
The strength of the field in the reversed- 
field sectors, or the length of the reversed- 
field sectors, must, of course, be less than 
for the sectors of positive field in order 
that the particle orbits will ultimately be 
bent around through 360 degrees and 
permit a closed equilibrium orbit to be 
drawn (Fig. 1). 

The magnitude of the field in the re- 
versed-field accelerator varies at every 
azimuth as r*, where r is the radius from 
the central axis of the machine. If k 
is positive, there is axial defocusing in 
the positive-field sectors and axial focus- 
ing in the reversed-field sectors. The 
alternating-gradient action is found to 
yield reasonable stability for small-am- 
plitude oscillations in both the radial and 
axial directions, provided that the com- 
bined circumference of the forward and 
reversed-field magnets is some 5 times 
that required by an azimuthally constant 
magnetic field of the same maximum 
field strength. The ratio of the combined 
circumference to that required for a con- 
stant magnetic field is termed the cir- 
cumference factor, C. 

Within the individual sectors, the fields 
would normally be such that the com- 
plete equilibrium orbit would be formed 
from a series of circular arcs with their 
centers displaced from the axis of the 
machine. Denoting the radius of curva- 
ture of the orbit by p, the local focusing 
index is n=k- p/r and, if the same mag- 
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Fig. 1. Orbits in a reversed-field FFAG 
accelerator. 
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Fig. 2. An operating electron model of a reversed-field FFAG accelerator. Eight sectors 
of positive field and eight narrower sectors of negative field are employed. The betatron 
core is seen linking the region occupied by the particle orbits. (f) Magnet sector with 
forward or positive field; (r) magnet sector with reversed or negative field; (c) betatron 
core; (i) injector; (m) pump manifold. 


nitude of field strength prevails in the 
positive and negative sectors, p =7/C. 
In linear approximation the radial and 
axial oscillations in such structures can 
then be expressed reasonably accurately, 
when the number of sectors is large, by 
the equations 


d’x es <2 
d(s/r)* +kCx=0 
d°z 
—— -kCz=0 
d(s/r)? ¥ KC ' 


where s denotes arc length along a refer- 
ence circle of radius r, the upper and 
lower signs refer, respectively, to the 
sectors of positive and negative field, and 
centrifugal effects have been neglected 
since we assume that kC>1. These 
equations may be solved by the aid of the 
matrix methods that are customarily 
employed in analysis of alternating-grad- 
ient focusing. If the phase change per 
sector for the radial oscillations and the 
corresponding phase change for the axial 
oscillations are permitted to assume 
widely different values, lying near the 
upper and lower limits of the stable 
range, a design with C as low as 5 may 
be feasible. A more accurate calculation 
must, of course, take account of the edge 
effects that arise at the sector boundaries 
and would involve an expansion about 
an equilibrium orbit which, accordingly, 
must be determined first. For a complete 
account of the motion, the effect of non- 
linear terms would also have to be in- 
cluded. 

Attention is directed to the important 


scaling property of the orbits in this ac- 
celerator, Possible orbits of particles of 
different energies, or momenta, are scaled 
replicas of each other. In consequence, 
the frequencies of the oscillations will be 
independent of energy, and harmful res- 
onances may be avoided at all energies 
by a consistent design. The momentum 
content is represented by p « r*+1, so 
that the momentum compaction factor « 
is given by 


a=k+1 


and can be either positive or negative in 
a reversed-field accelerator. 

A small working model of a reversed- 
field FFAG accelerator has been put into 
operation (7). This model, shown in Fig. 
2, employs eight sectors of positive field 
and eight shorter sectors of negative field. 
Electrons are accelerated, at present by 
betatron action, from 25 kev to 400 kev. 
Tuning controls have been provided for 
the model, so that various oscillation fre- 
quencies can be produced. These fre- 
quencies can be measured accurately by 
a radio-frequency knock-out technique 
(8) and the effect of certain resonances 
on the beam noted. The model affords 
an opportunity to study operation with 
a high duty factor, as is possible in FFAG 
accelerators employing betatron acceler- 
ation. Radio-frequency acceleration 
methods will also be investigated. 

Possible parameters for a large-scale 
reversed-field FFAG accelerator for the 
production of 10 Bev protons have been 
examined. Although such a machine 
would be expected to have many desir- 
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able characteristics, the large magnet 
mass and power requirements direct in- 
terest to other FFAG designs of smaller 
circumference factor. By virtue of its 
essential simplicity, however, the re- 
versed-field type may remain of interest 
for accelerators of low or intermediate 
energy, especially if a high duty factor 
can be efficiently realized with betatron 
acceleration. 


Spiral-Sector Design 


To avoid the considerable circumfer- 
ence required for a reversed-field FFAG 
accelerator, an alternative arrangement 
has been suggested by D. W. Kerst and 
others of the Midwestern Universities 
Research Association (MURA) group in 
which the alternating-gradient action is 
provided by a smaller but more rapid 
spatial variation of the field, the field 
being alternatively high and low along 
spiral curves which all particles must 
cross. Illustrative of the type of field pres- 
ent in the median plane of such a struc- 
ture, one may take 


B:,= <B> (1/r0)* 
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From this expression it is seen that N is 
the number of spiraling ridges passed 
over by a particle in going around the 
machine once. The coefficient f is the 
fractional flutter in the magnetic field 
owing to the ridges. Finally, if the radial 
width of the annulus is small in compar- 
ison with the outer radius, ro, 4 = 2xrow 
is substantially the radial separation of 
the ridges. The exponent k is taken to be 
positive. 

In the spiral-sector design, as in the 
radial-sector case, the fields and the 
orbits satisfy the scaling condition. In 
passing from one energy to another, there 
is, however, a rotation of the geometri- 
cally similar orbits, which presents com- 
plications if one wishes to introduce 
straight-sections  (field-free regions) 
whose boundaries extend radially from 
the central axis of the machine. 

The equilibrium orbit in the spiral- 
sector machine departs from a circle by 
an amount that affects significantly the 
character of the small-amplitude oscil- 
lations. For analytic work (9) it is appro- 
priate to expand the equations of motion 
about the scalloped equilibrium orbit. In 
terms of cylindrical coordinates (r, z, 9) 
we introduce the notation 
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and choose r, so that the dimensionless 
variable x will be small. The forced 
motion that produces the noncircular 
equilibrium orbit is found to be quite 
well represented by 


- sin N@ 


807 P= (841) 


and the linearized equations describing 
small-amplitude oscillations are repre- 
sented by Hill equations of substantially 
the following form: 


u” + (au + bu cos N@ + cu cos 2N@)u =0 
y” + (ay + by cos N@ + Cy COS 2N8)y =Q 


where 








Nonlinear terms in the equations of 
motion can also be obtained. 

The frequencies and other character- 
istics of the oscillations characterized by 
the foregoing linear equations can be ob- 
tained by the use of tables prepared with 
the aid of the electronic digital computer 
of the Graduate College of the Univer- 
sity of Illinois (ILLIAC). Useful orien- 
tation is provided, however, by writing 
the frequencies that are given by a simple 
approximate solution (10), ignoring the 
relatively small effect of the terms involv- 
ing cos 2N@ and taking N? >k +1: 


ve =[k + 1]"* 


. w= |(&)-*] 


It is thus seen that the frequency of the 
free radial oscillations is substantially de- 
termined by the exponent k characteriz- 
ing the radial increase of average field 
strength, so that k+1 must be positive, 
and that axial stability may be obtained 
if the term (f/wN)? is sufficiently large 
to dominate —k. The stability region for 
the small-amplitude oscillations repre- 
sented by the Hill equations cited has 
been mapped by aid of the ILLIAC 
tables and is depicted in Fig. 3. 

The nonlinearities associated with 
large-amplitude motion in the spiral- 
sector accelerator make the use of auto- 
matic digital computation particularly 
helpful in trajectory studies. Results per- 
taining to motion with 1 degree of free- 
dom are appropriately and conveniently 











represented by phase plots that depict 
the position and associated momentum 
of a particle as it progresses through suc- 
cessive “sectors” (periods of the struc- 
ture) from one homologous point to an- 
other (Fig. 4). For smali-ampiiiude 
motion, the particle is represented by a 
point that moves around an elliptical 
curve in phase space, while, with larger 
amplitudes, curves departing from the 
elliptical shape may be followed. At 
still larger amplitudes, unstable fixed 
points—representing an unstable equilib- 
rium orbit—make their appearance. As- 
sociated with the unstable fixed points, 
one finds a separatrix, constituting an 
effective stability limit to the motion, 
which in the majority of cases the 
ILLIAC results depict as a sharp boun- 
dary and outside of which it is frequenily 
possible to draw the initial portion of 
unstable phase curves. 

Because of the nonlinear character of 
the oscillations, it is not surprising (//, 
12) that the permissible amplitude of 
oscillation is much curtailed if 6, the 
phase change per sector, lies near 2/3 
or 2x/4. It has, in fact, also been found 
(13) that the amplitude limit is reduced, 
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Fig. 3. First stability region (O0<o= 
2xv/N <x) for small-amplitude oscilla- 
tions in spiral-sector FFAG accelerators. 
The curves are calculated for the case 
k>1 and are believed to be the most ac- 
curate for ordinates less than 4. When the 
condition k > 1 is not satisfied, the diagram 
can best be used by entering at the point 
(k/N?, {/wN*) and proceeding up a curve 
of constant oy until an abscissa of 
(k+1)/N? is reached. 
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although not to zero, for o=2x/5. For 
cases in which oa is near 2x/3, the limit 
of radial stability is characterized by the 
appearance of three unstable fixed points. 
In this case, an examination of the non- 
linear differential equation for the tra- 
jectory permits a rough estimate to be 
made of the limiting amplitude (1/4) : 


Ag = 2(w°N*/f) | (o2/x)? — (2/3)? | 


It may be noted that, since the oscilla- 
tion frequencies are essentially deter- 
mined by k and f{/wN, this formula sug- 
gests that a desirable increase of stable 
amplitude might be expected if f and w 
were each increased by the same factor. 

Introduction of axial motion into a 
study of spiral-sector accelerators pro- 
duces complications for all but the small- 
est amplitude oscillations, since there is 
coupling between this motion and that 
occurring in the radial direction. Surveys 
can be made, however, to determine the 
initial conditions that appear to exhibit 
short-time stability. In typical cases the 
permissible amplitude for axial motion 
appears to be materially smaller, possibly 
by a factor of 5, that is allowable for the 
radial motion. When oscillations in 2 
degrees of freedom are treated, the char- 
acteristics of the axial motion and in- 
ferences concerning stability limits are 
materially affected by proximity to cer- 
tain coupling resonances, notably those 
for which o2=2o0y, o2+20y=2x, or 
26a + 26y= 2x. Near such resonances the 
amplitude of axial motion exhibits an 
exponential increase, over a considerable 
amplitude range, the rate of growth being 
the greater, the more the radial ampli- 


tude exceeds a certain threshold value, 
and the closer one is to the resonance in 
question. Some quantitative success in 
accounting for the growth of axial ampli- 
tude can be obtained by treating the dif- 
ferential equation fer the axial motion 
as linear and inserting a prescribed ex- 
pression for the radial oscillations into 
certain coupling terms that are linear in 
the axial coordinate. 

In an actual accelerator, the N indi- 
vidual sectors will not be exactly identi- 
cal, owing to the presence of unavoidable 
small differences in construction, excita- 
tion, or alignment. The basic period of 
the structure will thus be strictly N sec- 
tors, representing the machine as a whole, 
and additional resonances based on 
values of No may be of importance. 
Compuiational study of the effect of real- 
istic misalignments can be very informa- 
tive prior to the fixing of specifications 
of a proposed machine. By way of exam- 
ple, studies of a proposed five-sector 
model (ve2=1.41, vy=0.87) indicated 
that an axial displacement of one sector 
by 1/300 of the radius effected a reduc- 
tion of the stable radial and axial ampli- 
tudes by factors of about 2 and 3, respec- 
tively. 


Separated-Sector Modification 


In the spiral-sector accelerator dis- 
cussed in the foregoing paragraphs, an 
unnecessary and probably undesirable 
limitation was introduced by requiring 
that the field in the median plane have 
a precisely sinusoidal variation. The aper- 
ture that is magnetostatically possible is 











x DENOTES STABLE FIXED POINT 
* DENOTES UNSTABLE FIXED POINT 


Fig. 4. Phase plot representing radial motion, at N@=0 mod. 2m, in a spiral-sector FFAG 
accelerator. The machine parameters are those of a proposed model, for which k= 0.8, 
1/w = 23.0, f= %4, and N=5. In this case oz is close to 0.5712 for small-amplitude motion. 
The value of o2 does not change greatly with increasing amplitude, and it is noteworthy 
that ultimately seven unstable fixed points make their appearance in this particular 


example. 
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SEPARATED 
SECTORS POLE FACE 
WINDINGS 





Fig. 5. Pole configuration illustrative of 
the separated-sector modification of a 
spiral-sector magnet. The currents carried 
by the pole-face windings are instrumental 
in achieving the r* dependence of the 
magnetic field. 


severely limited (15), especially if f dif- 
fers markedly from the value 4. In ad- 
dition, the angle tan-! Nw of the ridges 
(measured with respect to a reference 
circle) may be inconveniently small in a 
large machine, and a convenient con- 
struction may be difficult to realize. At- 
tention is accordingly directed to struc- 
tures involving separated poles (Fig. 5), 
a design that affords improved accessi- 
bility to the vacuum chamber and beam, 
easy realization of a more generous mag- 
net gap, a considerably higher value for 
the root-mean-square field flutter, and a 
corresponding increase of the spiral 
angle. In this design it would be impor- 
tant to retain the scaling feature of the 
field and to take note of the high-order 
Fourier components that some pole con- 
figurations may introduce into the field. 
Retention of the scaling requirement 
makes it possible to solve the magneto- 
static problem, which is defined by a 
specified pole contour, by relaxation 
methods on a two-dimensional grid which 
represents variables conveniently taken as 


é ry [2 **) - wo 


2x w 
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LS SEO) a 
er 2nw ae 
The result of such computations may 
then be stored, again on a two-dimen- 
sional grid, for use in trajectory computa- 
tions (16). 

Plans are being completed for the con- 
struction, at the University of Illinois, of 
electron models that will provide experi- 
ence pertaining to spiral-sector and sepa- 
rated-sector FFAG accelerators. These 
models will be similar in size to the re- 
versed-field model mentioned in a pre- 
vious section and likewise will employ 
betatron acceleration in the initial tests. 
Provisional designs of a large-scale ma- 
chine have been attempted. It has been 
estimated that a separated-sector FFAG 
magnet for the production of 15-Bev 
protons would weigh about 12,000 tons 
and consume some 5 megawatts of elec- 
tric power. This estimated magnet weight 
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is intermediate between estimates that 
one would make for reversed-field and 
spiral-sector magnets, for which the esti- 
mated weights would be roughly 3 times 
greater or one-third as great, respectively. 
Although such a separated-sector struc- 
ture may be some 6 times as massive as 
a pulsed accelerator of the same design 
energy, it may be felt that this feature is 
compensated to a considerable degree by 
the many simplifications which a direct- 
current design affords and that, as will 
be emphasized in a subsequent section, 
the increased freedom in detailed accel- 
eration methods may permit a very sig- 
nificant increase of intensity. 


Cyclotrons 


It is attractive to consider the possible 
applicability of a spiral field variation to 
continuous-wave cyclotrons, as a general- 
ization of the early suggestions of Thomas 
(5), in the interests of increasing the at- 
tainable energy. If, to permit continu- 
ous-wave operation, the frequency of 
revolution is to be independent of particle 
energy, the field index k that character- 
izes (differentially) the radial increase of 
the average field must satisfy the relation- 
ship 


k+1= (E/E)? 


where E and E, are, respectively, the 
total energy and the rest energy of the 
particle. In a cyclotron, therefore, k 
must increase with energy, the oscilla- 
tions will not satisfy the scaling require- 
ment, and the possibility of encountering 
dangerous resonances during the acceler- 
ation process must be carefully consid- 
ered. If we regard the relationship 
ve =[k+1]* as sufficiently accurate for 
the present purpose, then ve = E/E,, the 
first half-integral and integral machine 
resonances for the radial motion (v«= 
3/2 and ve =2) would be encountered at 
kinetic energies of YE. and Eo, respec- 
tively (17), and the oz =2x/3 inherent 
resonance at [N/3—1]E,. The design of 
FFAG cyclotrons is currently being pur- 
sued by a number of groups, and design 
modifications that hold the promise of 
ameliorating the foregoing difficulties 
are being explored. 


Acceleration Methods 


In small-size annular accelerators that 
employ the FFAG principle, the use of 
betatron acceleration is highly attractive 
from the standpoint of intensity. If 
charged particles are injected into the 
gap of the fixed-field magnet during a 
substantial portion of the time the cen- 
tral flux is rising, they may be accelerated 
and arrive at the target with full energy 
so long as the flux continues to rise (Fig. 
6). If the total change of flux within the 
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core is twice that required to accelerate 
the beam from the low to the high mag- 
netic-field region, the duty cycle would 
approach 25 percent. 

For larger machines, radio-frequency 
acceleration methods would appear to be 
more practicable. The lack of depend- 
ence on a fixed magnet excitation cycle 
may permit in the FFAG accelerators a 
more rapid recycling of the radio-fre- 
quency program and a desirable flexibil- 
ity in the design of this program. In 
analyzing the synchrotron motion, it is 
noteworthy that, in distinction to pulsed 
machines, the orbit radius and revolution 
frequency are a function only of the par- 
ticle energy rather than of energy and 
time. To study in detail the effects of 
radio-frequency handling systems, it is 
helpful to employ a Hamiltonian theory 
for the synchrotron oscillations, in order 
that general theorems such as that of 
Liouville may be brought to bear on the 
problem. With w(E) denoting 2x times 
the revolution frequency of the particle 
and E the energy, suitable canonical co- 
ordinates are the electric phase-angle ¢ 
with which the particle crosses the ac- 
celeration gap and the quantity w, re- 
lated to energy, defined as 


E 
Ha oe 
ia w(E) 


For a single cavity of peak voltage V, fre- 
quency v/2x, and operating at the Ath 
harmonic of the nominal particle fre- 
quency, the equations characterizing the 
synchrotron motion can then be derived 
from the Hamiltonian expression 


& = V cos $+ 2n[vw — hE(w)] 


in which V and v are specified functions 
of time. 

To avoid the large frequency swing— 
perhaps as great as a factor of 11—which 
would be required to carry a proton from 
its initial to its final energy in a single 
modulation cycle, it is attractive to think 
of raising the particle energy in a series 
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Fig. 6. Operation cycle of a FFAG beta- 
tron with a high duty factor. 


of steps, each involving a comparatively 
smali amount of frequency modulation. 
Such an arrangement provides a sort of 
“bucket-lift” process whereby groups of 
particles are simultaneously and progres- 
sively accelerated by means of a single 
radio-frequency source whose frequency 
is successively a smaller multiple of the 
increasing revolution frequency of the 
particle. If one commences with an os- 
cillator frequency that is s* p™ times the 
rotation frequency of the injected par- 
ticle and modulates by a factor p/q, 
the particle frequency is raised by this 
factor and the particle may be further 
accelerated in the s-q-p™-1 harmonic 
during the next frequency-modulation 
cycle. The modulation cycle may thus be 
employed by the particle some M+1 
times, as it progresses to higher energies, 
before synchronism is lost. The modula- 
tion factor p/q could be 3/2, for ex- 
ample, and a factor 2/1 might be partic- 
ularly suitable. 

If one thinks of using a bucket-lift 
process to stack particles at some inter- 
mediate energy prior to a final accelera- 
tion of the accumulated group by a sec- 
ond radio-frequency system, conservation 
of area in (¢,w) phase space tells us 
that the particles in successive buckets 
cannot be superposed exactly. Physi- 
cally speaking, one group is slightly dis- 
turbed and displaced by the oscillator 
when it brings up a later group. This 
displacement has been studied computa- 
tionally and is not sufficient to preclude 
the practicality of stacking a number of 
groups in a region of synchrotron phase 
space sufficiently limited that a second 
radio-frequency system could then ac- 
commodate them all. 

For efficient stacking, it is of interest 
to ascertain the number of buckets that 
may be brought up empty at the end of 
the process. If q=1 and p=2, and if 
particles are injected only once per fre- 
quency-modulation cycle, the number of 
such empty buckets may readily be 
shown to be s, but these extra buckets 
can presumably be used with a conse- 
‘quent increase of intensity by more fre- 
quent injection. 

There are several variants of this 
bucket-lift arrangement, which may pre- 
sent advantages chiefly of convenience. 
With an unscheduled bucket lift, parti- 
cles not caught in a bucket at the onset 
of a particular frequency-modulation 
cycle will usually be displaced downward 
in energy by a passing bucket, but will 
be caught on occasional frequency-modu- 
lation cycles and in the end may be car- 
ried up in energy. The use of a com- 
pletely stochastic acceleration method 
has been discussed in a Soviet paper (18) 
and shown to lead to acceleration of 
some particles by a sort of random-walk 
process. 

It seems clear that the flexibility that 
fixed-field accelerators permit in regard 
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to design of particle-handling methods 
offers many promising possibilities. ‘These 
possibilities are being further studied 
within the MURA group, chiefly by 
A. M. Sessler and K. R. Symon, both 
analytically and with the aid of digital 
computation. As a related endeavor, the 
characteristics of mechanically modu- 
lated radio-frequency cavities are being 
studied by Zaffarano and his associates 
at lowa State College. The accumulation 
of intense beams within an accelerator 
or in adjacent storage rings (19), by a 
suitable stacking process may open the 
door to study of a new field of high- 
energy physics. 


Intersecting-Beam Accelerators 


With the possibility in sight of attain- 
ing beam intensities higher than have 
been possible heretofore, the opportunity 
arises (20) of studying high-energy par- 
ticle interactions by directing one beam 
against another (Fig. 7). The outstand- 
ing advantage of such a system would be 
the large increase of effective center-of- 
mass energy which could be reached in 
this way. If two beams, each of energy 
E,, are directed against each other, the 
total energy is, of course, Eom = 2E,. In 
contrast, a single beam of energy E,’ 
(measured in units of the rest energy) 
directed against a stationary target makes 
available a center-of-mass energy that 
is approximately Eou=(2E,’)* for 
E,’> 1. Thus two 15-Bev proton beams, 
oppositely directed, are equivalent to a 
single beam of 500 Bev directed against 
a stationary target, and two 21.6-Bev ac- 
celerators would be equivalent to one 
machine of 1 Tev (10%? ev). 

In estimating the practicality of inter- 
secting-beam accelerators, one must, of 
course, judge whether it is feasible to 
produce beam intensities that will result 
in a sufficiency large reaction rate. ‘The 
interactions of interest must, moreover, 
be studied in the presence of background 
radiation produced by the individual 
beams and will bear a more favorable 
ratio to the background the greater the 
density of intersecting particles. In this 
regard, however, it may be noted that the 
background radiations will be confined 
to directions differing little from the 
beam direction, while the reactions of 
interest will be essentially isotropic in 
the laboratory system. The background 
and beam survival will be directly de- 
pendent on the degree of vacuum that 
can be maintained in the system; hence, 
recent developments for the realization 
of high pumping speeds (2/) and the 
measurement of high vacuums (22) will 
be of importance. The additional focus- 
ing or defocusing effects that arise from 
space-charge forces, possibly modified by 
the effect of any electrons that may be 
captured by the beam, and the difficul- 
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Fig. 7. Schematic method of effecting the 
intersection of high-energy beams. In the 
case illustrated, the individual accelerators 
are considered to be of the separated-sec- 
tor type. 


ties of handling safely a concentrated 
beam that may possess an energy of | 
megajoule will also require careful at- 
tention. 

The intensities that one may be able 
to build up will certainly depend on the 
efficiency of stacking and on the ingenu- 
ity employed in the injection process. Al- 
though these techniques may be devel- 
oped and improved as experience is 
gained with completed FFAG acceler- 
ators, an upper limit to the particle den- 
sity in a stacked beam is imposed by 
Liouville’s theorem. In regard to this 
limitation, we may estimate the number 
of injected pulses that theoretically could 
be assembled, after acceleration, in a 
region of reasonably small cross-sectional 
area. With respect to the energy spread 
associated with the motion in synchro- 
tron phase space, we may consider the 
fate of particles injected with an energy 
spread AE,, assuming for simplicity that 
synchrotron and betatron phase space are 
separately conserved. If the most efficient 
particle-handling system is used, the 
number of pulses that can be contained 
within a region AE, in energy at the 
completion of the acceleration process 
is 

np= (AE2/AE;) /(@2/0):) 


for A¢ constant, since the area in phase 
space is A¢,AE,/w.=npAd,AE,/a,. 
The quantity AE, in turn may be ex- 


pressed conveniently in terms of the as- 
sociated radial spread of the beam 


AEz = (k + 1) (p2°*/E2) (Are/re) 
= (k+1)E2(Are/re) 


ultrarelativistically. Thus, if k + 1= 100, 
E,=15x10® ev, Ar,=0.5 cm, r,=10¢ 
cm, @,/@,=11, and AE,=4x 10° ev, 
we find that AE, =7.5 x 107 ev and np= 
1700 particle pulses. 

Similarly, in regard to the phase space 
for betatron oscillations, if the injector 
is imagined to scan the aperture, the 
number of horizontal and vertical scans 
that theoretically could be accommo- 
dated can be written 


— fe (Ars)* 
sone fi rep2oVeAn 

2 

ty = be (Azo) 


pi Ty yAz 


where Ya, Vy denote the angular spread 
of the injected beam, fz, By relate the 
angular and linear displacements expe- 
rienced during the course of a betatron 
oscillation (Ar=rBoW¥o), and the mo- 
mentum ratio p/p, accounts for the 
adiabatic damping of the oscillations. Ac- 
cordingly, approximating By,y by 2/va,y, 


mn (2) vavy (Ars)? (Azs)? 
Ne fr 47° eV yAriAre 





If we now substitute p,/p, = 100, va = 10, 
w=5; fg=10* ‘cm, ‘Ar, =Az,=0:5 ‘cm; 
and WeAr, = PyAz,=0.5x 10-3 radian 
cm, we find that nany= 1250. 

This large value for the theoretically 
admissible number of scans implies a 
very complex scanning procedure and 
suggests that an injector with a much 
larger beam spread and correspondingly 
higher current would be desirable (23). 

On the basis of the considerations of 
the preceding paragraphs, one would 
estimate that a 1-milliampere injector 
would permit the accumulation of 





10° On x 10! 
Ne=T§x 10% 3x 10/11 © 1700 * 1250 
= 3x 10" 


particles within a tube of about 1 square 
centimeter cross-sectional area. If we esti- 
mate that we actually may have 1/600 
as large a beam as this, or 5 x 10% par- 
ticles circulating in each machine, some 
107 interactions per second (proportional 
to Nr?) may be expected to be produced 
in an interaction region that is 1 meter in 
length (20). With a vacuum of the order 
of 10-° mm-Hg of nitrogen gas, the back- 
ground produced in this target volume 
may be expected to be larger by about 
one order of magnitude, but, as is pointed 
out previously, the background radiations 
will be confined primarily to the median 
plane. Interaction with the residual gas 
also has the effect of limiting the beam 
life, possibly to a time not much longer 
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than 1000 seconds in the present ex- 
ample, so that groups of particles must 
be injected to replenish the beam at a 
rate not less than the reasonable value 
of one group per second, 


It is the hope of the MURA group 


that further theoretical and experimental 
work will lead to the design and con- 
struction of models that will permit test- 
ing means for efficient particle accelera- 
tion, the investigation of high-current 
beams, and the eventual realization of a 
research machine that will take full ad- 
vantage of the benefits to be derived from 
the FFAG principle. 
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the second International Congress on 
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lected for the technical program to rep- 
resent the major fields of current activity 
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and recording, noise control, and wave 
propagation. A group of five technical 
sessions, however, comprising about 50 
papers, appeared under the collective 
heading of “Sonics.” Most of these pa- 
pers had very practical implications, the 
accent being on techniques and applica- 
tions rather than on studies of acoustic 
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phenomena for their own sake. Sound 
waves of all frequencies were shown to 
be useful as a tool in a variety of techni- 
cal fields quite remote from the custo- 
mary domain of classical acoustics. 

Many participants in these sessions 
came from industrial laboratories or en- 
gineering centers, and it was apparent 
from the discussions that a new area of 
technology, based on the use of sound 
waves, is taking shape. About 2 years 
ago, R. H. Bolt of M.I.T. and I coined 
the term sonics for this new technology, 
which encompasses the analysis, testing, 
and processing of materials and products 
by the use of mechanical vibrating en- 
ergy. The particular frequency that is 
best suited for a given task is determined 
by the special requirements and limita- 
tions of the task. All applications of son- 
ics, however, are based on the same physi- 
cal. principles, and the relation of the 
frequency used to the range of audibility 
for man’s ear is irrelevant from this 
point of view. 





The author is on the staff of the Acoustics Labo- 
ratory at Massachusetts Institute of Technology. 
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Applications 


We shall see that the phenomenon of 
acoustic vibration can be utilized in many 
ways. With sound waves we can “sono- 
graph” (as with light waves we photo- 
graph) the inner structure of bodies that 
are opaque to light. Sound waves can 
penetrate many solids and liquids more 
readily than x-rays or other forms of elec- 
tromagnetic energy. Thus sound can ex- 
pose a tiny crack imbedded many feet 
deep in metal, where detection by any 
other means might be commercially im- 
practicable if not impossible. Similarly, 
ultrasonic pulse techniques are now being 
used in medicine for the early diagnosis 
of abnormal tissue growths. 

By acoustic techniques we can meas- 
ure the elastic constants of solid mate- 
rials, and residual stresses or structural 
changes can be analyzed. The molecular 
arrangements within many organic liq- 
uids can be inferred from measurements 
of sound velocity or absorption. The rates 
of energy transfer among gas molecules 
and the chemical affinity of gaseous mix- 
tures can be determined by using sound 
waves. 

As soon as we can measure a process, 
we have within reach a means of con- 
trolling it. Indeed, acoustic instrumenta- 
tion offers extensive but virtually unex- 
plored opportunities in the automatic 
control of industrial processes. The ge- 
ometry of metal parts, the quality of cast 
metals and laminated plastics, the tem- 
perature in the combustion chamber of 
gasoline engines, the composition of com- 
pounds in the liquid or gas phase, the 
flow velocity of liquids and gases—these 
and many other process _ variables 
throughout industry may, in time, come 
under the watchful ear of acoustics. 

In the afore-mentioned applications, 


Table 1. Technical fields represented by 
members of the committee on sonic and 
ultrasonic engineering of the American 
Acoustical Society. 








Field of commercial Frequency 
activity range 
Oil-well drilling 20-50 cy/sec 


Liquid processing* 
Machining, engraving, 
and welding 
Dental drilling 
Viscosimetry 
Underwater signaling 
Cleaning of metal parts 
Applications in 
electrochemistry* 
Medical therapy 
Nondestructive testing 
Information storage 
Molecular analysis* 


0.2-10 kcy/sec 


20-30 kcy/sec 
20-30 kcy/sec 
25-30 kcy/sec 
2-200 kcy/sec 
20-700 kcy/sec 


20-1000 kcy/sec 
1000 kcy/sec 
0.5-15 Mcy/sec 
10-40 Mcy/sec 


Entire range 





* Not yet in general industrial use in the United 
States. 
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the sound is used as a measuring stick or 
flashlight—the amounts of power are 
small and incidental. In another class of 
applications, large amounts of acoustic 
power are employed to do useful work. 
Vibrational energy is used to drill rock, 
to machine complicated profiles in one 
single operation, and to engrave all kinds 
of jewelry. As a potent microagitator, 
sound will facilitate the emulsification 
of liquid mixtures and will speed up such 
processes as homogenization or disper- 
sion. Sonic cavitation has become a 
powerful method for the cleaning of pre- 
cision parts and may find important ap- 
plications in electrochemistry, Acting on 
aerosols, such as fumes, dusts, and 
smokes, sound can speed up agglomera- 
tion and collection of particles. 

Recently, the Acoustical Society of 
America organized a technical commit- 
tee on sonic and ultrasonic engineering. 
This group had its first meeting during 
the afore-mentioned International Con- 
gress on Acoustics. Its members, compris- 
ing economics-conscious industrial engi- 
neers and research-minded university 
physicists, are engaged in the activities 
listed in Table 1. The frequency range 
covered by these applications is extremely 
wide. Their realization therefore entails 
widely different acoustic engineering 
practices, which is a characteristic fea- 
ture—and sometimes a difficulty—of this 
new field of sonics. 

Most of the applications listed in Table 
1. have today reached the stage of suc- 
cessful commercial operations; that is, 
the usefulness to industry of these tech- 
niques and instruments has been widely 
recognized, the development of reliable 
equipment is more or less completed, 
and the manufacture, sales, and main- 
tenance of the equipment have proved 
to be economical. 

The three items marked in Table 1 by 
asterisks—liquid processing, electrochem- 
istry, and molecular analysis—have not 
yet conquered the market in this coun- 
try (1), although basically they do not 
appear to be less promising than those 
which have. In fact, sonic treatment of 
liquid mixtures and slurries and sonic 
improvement of electroplating tech- 
niques are already in industrial use in 
Europe. The success of such processing 
methods depends largely on the avail- 
ability of transducer mechanisms that 
are capable of generating sonic power 
economically, both in sufficient amounts 
and_ in a way compatible with the flow 
of industrial production. If the materials 
to be treated are encountered in small- 
or medium-sized batches, conventional 
transducers of the magnetostrictive or 
piezoelectric type may handle the job. 
For example, in the brewery industry 
such units have been installed for the ex- 
traction of vegetable bitters from the 
hop. They become impractical, however, 
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TRANSFORMER 
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Fig. 1. Hydrodynamic valve oscillator 
coupled to a treatment tank, according to 
the method of J. V. Bouyoucos. Direct- 
current flow energy is provided by a 
pump. Fluctuations of pressure at the left 
side of the diaphragm produce a flow 
modulation owing to changes in the gap 
area of the valve. The resulting pressure 
changes at the valve end of the loop are 
transmitted through the loop back to the 
diaphragm. Stable oscillations build up at 
a frequency for which the half-wavelength 
equals the loop length. Sound energy is 
extracted from the loop by a transmis- 
sion-line section terminated by a dome- 
shaped acoustical window. 


for very large batches or high rates of 
liquid flow. In this case, the recently de- 
veloped hydrodynamic valve oscillators 
(2) (Fig. 1) or some types of liquid jet 
transducers may be much more adequate. 
Both are being considered for large scale 
dyeing, cleaning, and plating operations. 

Molecular analysis by sonic measure- 
ment techniques is a particularly fasci- 
nating field. So far, however, it has been 
exploited almost exclusively by univer- 
sity physicists for purely scientific pur- 
poses. They have perfected both the 
theoretical concepts and the required 
acoustic instrumentation to a high degree 
(3). It would thus appear that the analy- 
sis by ultrasonic interferometry of acous- 
tically excited molecules could well be- 
come a valuable adjunct to infrared spec- 
troscopy, which utilizes the electromag- 
netic radiation emitted or absorbed by 
molecular vibrations. 

We may now ask ourselves why the 
adoption of sonic techniques has been 
relatively slow in many areas of industry, 
despite the impressive list of potentially 
useful effects that have been described . 
in the literature during the last 25 years 
(4). Some relevant answers to this ques- 
tion were given during the afore-men- 
tioned meeting of the committee for 
sonic and ultrasonic engineering. They 
may be condensed into the following 
three key problems, which seem to pose 
themselves whenever the applicability to 
industry of a new tool, or process, or in- 
strumentation is being evaluated: (i) 
the recognition of an existing need; (ii) 
the demonstration of technical feasibil- 
ity; and (iii) the economics of both de- 
velopment and operation. 

A clear-cut evaluation of these ques- 
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tions requires a close meeting of minds 
between the sonics experts, the produc- 
tion engineers, and management—and 
often a potentially useful approach is 
abandoned because of the lack of tech- 
nical liaison. In other cases, the final 
completion of the development of a proc- 
ess that was shown to be feasible in small- 
scale laboratory tests did not take place 
because of excessive costs. 

However, sometimes the need, the 
feasibility, and the economics have been 
mutually supporting, and a highly suc- 
cessful new instrumentation has emerged. 
This was the case, for example, in the 
field of nondestructive testing. Here, the 
introduction of ultrasonic pulse-echo 
techniques during the past 10 years (5) 
has filled an urgent need for more sensi- 
tive testing methods in a rapidly develop- 
ing technology (Fig. 2). Moreover, with 
continued research, the capabilities of the 
method have been increased beyond the 
mere detecting of cracks and flaws. It 
is now possible to evaluate ultrasonically 
rather subtle material properties such as 
surface hardness or metal fatigue. 

Another example is the use of sonic 
energy for the cleaning of delicate com- 
ponents of instruments. Conventional 
methods rely largely on manual manipu- 
lation of these parts. As Table 2 shows, 
the ultrasonic method which does the 
same job much faster and often more 
thoroughly, appears to be quite superior 
from an economic point of view. 

But even if the afore-mentioned three 
basic requirements are met, and a hope- 
ful new product is born, a good deal of 
continued nursing, mainly in the form of 
technical education, is necessary to keep 
it alive and to adapt it to the ever-chang- 
ing needs of industry. And this again can 
be achieved only by the cultivation of 
the relationships between the scientific- 
minded people in the laboratory and the 
practical-minded people in the field. 

At present the liason between the two 
groups is far from satisfactory from the 
point of view of a healthy development 
of sonic technology. It appears that there 
are two main reasons: one is the general 
shortage of trained manpower in applied 


Table 2. Analysis of monthly cleaning and 
repair costs (10). The numbers in paren- 
theses in column 1 indicate the quantity. 





Old Ultra- 


Assembly method sonic 





2CM75 field coil (8) $1016 . $ 408.20 
2 CH75 armature (4) 480 198.98 
30 E02 field coil (8) 995 451.20 
30 E02 armature (8) 928 512.20 


1193 fiele coil (8) 920 336.20 
1193 armature (4) 440 236.10 
901 field coil (5) 400 128.13 


Total monthly cost $5179 $2271.01 
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Fig. 2. Ultrasonic inspection system at Lockheed Aviation Corporation. In the fore- 
ground are control panels for programmed scanning. Jet-turbine parts are immersed 
in the large tank shown in background. The movable bridge astride the tank supports 
ultrasonic transducer heads capable of following complicated contours. 


physics; the other is the need for more 
interdepartmental training programs at 
our universities and colleges. Vigorous 
educational programs already exist in 
nuclear engineering, they are being con- 
sidered in molecular engineering (6), 
and they should be initiated in sonics. 


Basic Physics 


Let us now review some of the basic 
physics underlying the field of sonics. 
Some examples of the instruments that 
are currently available for sonic analysis 
and processing will be described as we go 
along. 

A sound wave is characterized by its 
speed of propagation and its velocity. In 
solids, the velocity ¢ is 


ey 3 
c=al— 
Ve 
where E is the elastic modulus and p is, 
the density; in liquids, the velocity is 


ae 
“~ N Bp 
where 6 is the adiabatic compressibility; 
in gases, the velocity is 


= [Pe 
c= hat § 
p 


where P, is the ambient pressure and y is 
the ratio of specific heats. 

The wavelength then is A= c/f, where 
f is the frequency of sound—for example, 
in water (c= 1500 m/sec) it is about 5 
centimeters at 30 kilocycles per second 
and about 1.5 millimeters at 1 megacycle 
per second. In steel, the respective wave- 
lengths are about 4 times as large. The 





particles in a medium exposed to sound 
oscillate around their equilibrium posi- 
tions with a maximum displacement 
(amplitude) A, a maximum velocity 
U=@A (where the angular frequency 
w=2nxf), and a maximum. pressure 
P=pc U. The ratio P/U = pc is called the 
characteristic impedance of the medium, 
and the product 


PXU _ pcw*A® 


em 
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is the sound intensity. This important 
quantity is expressed in watts per square 
centimeter; it may be as low as 10-% 
watts per square centimeter in analytic 
sonics and as high as 10° watts per square 
centimeter in sonic processing. 

Sound waves may be generated by 
moving diaphragms or pistons, by devices 
that interrupt a fluid flow (sirens, jets, 
valve oscillators), or by ‘slabs of mate- 
rials that contract or expand: under the 
influence of magnetic or electric fields. 
Usually the use of each type of trans- 
ducer is limited to a certain frequency 
range. It is therefore an important task 
of the sonic engineer to determine, first, 
the optimum frequency range from the 
point of view of the end-result to be 
achieved and, second, to pick the type of 
transducer that is most efficient in this 
range. 

Another important quantitysis the 
sound absorption of the medium, It de- 
termines the range of penetration of the 
wave and depends greatly on the ho- 
mogeneity and structure of the medium. 

After this brief survey of acoustic 
terminology, we are ready to proceed 
with a discussion of the basic principles 
involved: in (i).the use.of sound waves 
in testing and analysis, and (ii) the proc- 
essing of materials by sonic energy. 
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Table 3. Types of waves in isotropic solids. 








aii Jae Pure : Surface 
Pure longitudinal Extensional Flexural . 
Item (bulk waves) timear eaees) (rod waves) (bending waves) se ta 
Boundary requirements Infinite Infinite Finite Finite Infinite 
Dimensions of sample d>i d>i a—Z d<ia d>i 
Modulus of elasticity M+ Qu wu r Dependent on Dependent on 
A and d wanda 
‘Sound velocity V (0 + 2u)/p Vu/p VY/p Rod of radius r: 
Pee Pe ee ncceeaca* Sea ye 
p (1+) (1— 20) p 2(1+0) p wtp Plate of thicknessd: = 7-57 Vu/p 


Wave-type conversion at boundary Partly to shear wave 


The two quantities that are fundamen- 
tal to all measurements are the sound ve- 
locity ¢ and the sound attenuation co- 
efficient o, and the solutions of the wave 
equation are of the form 


Ya = Yo exp. j(wt — k*x) ; k* =o - ja 


where y may represent any of the field 
variables, such as particle displacement, 
particle velocity, or pressure, and k* is 
the complex propagation constant. 

The response of matter to elastic 
strains, such as those occurring periodi- 
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Fig. 3. Influence of impurities on sound 
velocity in carbon dioxide, according to 
A. Eucken and R. Becker. I, pure CO:; 
II, CO. and 5 percent He; III, COz and 
11.3 percent CHi; IV, COe and 5.7 per- 
cent Ha; V, COs and 12.3 percent He; VI, 
CO, and 2.8 percent HO. 
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Fig. 4. Ultrasonic viscosimeter. The trans- 
ducer consists of a longitudinally vibrat- 
ing magnetostrictive reed. [Courtesy Ben- 
dix Aviation Corporation] 


790 


Partly to To Rayleigh 
bulk wave wave 
asi«d 


cally in a sound wave, is intimately re- 
lated to the interactions between the 
building blocks of matter, the atoms, 
molecules, or ions. In the case of solids, 
stiffness may be related directly to the 
lattice forces, as is suggested by the Grue- 


neisen rule (7). In liquids, the compressi- 


bility is proportional to the molecular 
packing factor s= (molecular volume) / 
(molar volume): ¢1iq= const. x s, where 
const. ~ 5000. In gases the decisive fac- 
tor in sound propagation is the ratio of 
specific heats 

fax) eee ie 


Fe: ok 





where f is the number of degrees of free- 
dom of the gas. The sound wave prop- 
agates by transmitting momentum from 
molecule to molecule through collisions. 
In this process, internal molecular vibra- 
tions are excited to a degree that depends 
on the number of effective collisions 
within each cycle of the sound wave. As 
a result, the quantity f and with it the 
effective magnitude of y may vary with 
the sound frequency. The time constants 
involved in the energy transfer by col- 
lision depend largely on the presence of 
impurities in a gas. This suggests the use 
of sound velocity measurements for gas 
analysis (Fig. 3), as for example by 
ultrasonic interferometry. 
Time-dependent adjustments of inter- 
nal molecular excitation (in gases) or of 
external molecular configuration (in 
liquids) to applied compressions are re- 
ferred to as relaxation processes. Con- 
figurational relaxation takes place in cer- 
tain organic solutions, in electrolytes, and 
in suspensions of high polymer, long- 
chain molecules, At those frequencies 
where relaxation occurs, characteristic 
changes of sound velocity and sound ab- 
sorption may be observed. Also, the rhe- 
ological properties of viscous liquids and 
slurries may be analyzed acoustically by 
means of shear waves and by using the 
characteristic reaction of a medium on a 
sound source. Measurement of the im- 
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pedance offered by a “loaded” shear 
transducer to its associated electric net- 
work will thus allow a determination of 
the complex shear rigidity of the loading 
medium. Instruments based on such 
shear-wave impedometry are now com- 
mercially available (Fig. 4). Their ap- 
plications range from the control of pe- 
troleum fractionation to the evaluation 
of blood clotting times. 


Techniques 


We shall now consider some of the 
techniques that are used in sonic analysis. 
For the measurement of sound velocity 
or wavelength there are two methods of 
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Fig. 5. Ultrasonic pulse techniques. (A, 
B) pulse transmission from transmitter 
crystal T to receiver crystal R; (C) pulse 
reflection method with separate crystals T 
and R; the extra pip on the oscilloscope 
indicates a flaw; (D) pulse reflection 
method with a single crystal for T and R; 
(E) immersion technique; the oscilloscope 
pattern shows multiple reflections between 
sample boundaries. [Courtesy Sperry Prod- 
ucts, Inc.] 
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choice, standing-wave techniques and 
pulse techniques. In standing-wave tech- 
niques, the periodicity in space of one of 
the acoustic field variables—pressure, 
density, or particle velocity—is deter- 
mined. Typical devices that are widely 
used are the acoustic interferometer and 
the impedance tube (8). In pulse tech- 
niques, the time required by a short wave 
train to travel a given distance is meas- 
ured. Standing-wave techniques are usu- 
ally more suitable in the kilocycle range 
of frequencies, whereas pulse techniques 
are indicated for the megacycle range. 
The various ways in which ultrasonic 
pulses may be used to detect flaws in 
solids or to measure thicknesses or dis- 
tances are illustrated in Fig. 5. Similar 
techniques are used for gaging the level 
of liquids in closed tanks, and pulses re- 
verberating many times in a suitably 
shaped solid block serve as information 
storage devices. 

At this point we must note that, 
whereas only one type of wave—namely, 
longitudinal—exists in gases, additional 
forms of wave propagation are possible 
as the rigidity and structure of matter 
change. We have already mentioned that 
liquids of high viscosity may support 
shear waves in addition to longitudinal 
waves. In isotropic. solids we must dis- 
tinguish between five different types of 
waves (Table 3). Finally, anisotropy will 
lead to a dependence of sound velocity 
on the direction of propagation, with re- 
gard to the crystal axes. 

If the variation of pressure and the 
density in a sound wave are in phase, the 
wave propagates without loss of energy. 
However, once the perjod of the sound 
vibration is comparable with the time 
constant of one of the afore-mentioned 
relaxation processes, the density will lag 
behind the pressure. The loop area of the 
resulting pressure-density diagram then 
represents the energy that is lost per 
cycle. Another cause of losses is multiple 
reflection or scattering that is caused, for 
example, by grain boundaries in poly- 
crystalline materials. In principle, such 
losses may be determined in four differ- 
ent ways, as is illustrated in Fig. 6. They 
are (i) the time decay of forced vibra- 
tions in a standing-wave system, (ii) the 
decrease in amplitude with distance in 
progressive waves, (iii) the bandwidth 
of a harmonic mode of a resonating sys- 
tem, and (iv) the standing-wave ratio 
in an impedance tube. Many technical 
materials have been analyzed by these 
methods, and useful correlations have 
been established between their loss be- 
havior and other physical properties. 

We now come to the other application 
of sonics—namely, the processing of ma- 
terials. It has been found that intense 
vibrations affect colloidal distributions, 
equalize electrolytic concentrations, and 
speed up aging processes. Also, by ab- 
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Fig. 6. Basic techniques for attenuation measurements: *, temporal damping constant; 
a, spatial attenuation constant; 5, logarithmic decrement; Q, quality factor, S.W.R.= 


standing-wave ratio. 


sorption in a lossy medium, intense vibra- 
tions may produce local heating effects 
as, for example, in the use of ultrasonics 
in medical therapy. In general, one may 
distinguish between two types of action, 
effects that are localized at interfaces be- 
tween different kinds of media or be- 
tween constituents of the same medium, 
and volume effects. Interface effects play 
a predominant role in power sonics and 
lead to a number of unusual phenomena. 
They are produced more readily than 
volume effects. For example, small bub- 
bles or particles suspended in a liquid are 
subjected to drag forces in a sound field; 
similar forces come into play if a sound 
field interacts with an aerosol. This, then, 
is the physical basis for such processes as 
sonic stirring, degassing, and coagulation. 

A particularly powerful phenomenon 
is cavitation. This is the breakdown of 


the cohesion of a liquid that is exposed‘ 


to high tensile forces as the sound wave 
passes through it. Such breakdown usu- 
ally occurs at the weakest points within 


—— POLE PIECES ——_ 


Y 
Ly | ae A ia 
N y 


METALLIZED 
NG — 








PRESSURE 
DISTRIBUTION 


a a oe 


“EXCITATION 
com 





Fig. 7. Vibrating crucible for irradiation 
of metal melts, according to H. Seemann. 


the liquid. Tiny bubbles, dust particles, 
and particularly interfaces where poor 
wetting conditions exist, facilitate the on- 
set of cavitation. As the term cavitation 
implies, cavities are formed in a liquid 
during the negative pressure phase of the 
sound wave; these subsequently collapse 
during the positive pressure phase. Such 
cavity collapses may produce pressure 
peaks of several hundreds of atmospheres. 
Under the influence of cavitation, steel 
surfaces may be pitted, oxide layers re- 
moved, bacteria disintegrated, or high 
polymers depolymerized. One particu- 
larly successful application of surface 
cavitation is in ultrasonic drilling; an- 
other is in the soldering of aluminum. 

The periodic strains set up by intense 
vibrations in metals or solidifying melts 
(9) are capable of rearranging disloca- 
tions or impurities in some materials. 
This may have an effect on crystalliza- 
tion, grain formation, and precipitation 
hardening. A promising electrodynamic 
method for exciting whole crucibles to 
intense radial vibrations at frequencies of 
10 to 50 kilocycles per second is shown 
in Fig. 7. 

The number of specific examples that 
could be given in this review of the pres- 
ent scope of sonics is of necessity limited. 
However, it may give the reader some 
feeling for the potential usefulness of 
acoustic instrumentation in certain in- 
dustrial tasks. It is safe to say that acous- 
tical physicists who are interested in the 
growth of sonics are eager to accept the 
challenge of their industrial colleagues 
to put sound waves to work. Progress dur- 
ing recent years has been encouraging, 
and with improved contacts among in- 
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terested parties more valuable contribu- 
tions of sonics to industry may well be 
expected. 
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New Principle of Closed 


System Centrifugation 
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Owing to its easy availability, blood 
was one of the first human tissues to 
undergo definitive chemical study. How- 
ever, certain of the components have 
been difficult to obtain in their true state 
in nature. This often has given rise to 
conflicting data. The dynamic state of 
blood within the body, as well as its pe- 
culiar property of being able to change 
from a liquid to a solid, makes the static 
conditions of blood outside the circula- 
tion highly artificial. The early discovery 
that citrate and other calcium complex- 
ing agents would block coagulation has 
been estimated (1) to have slowed cer- 
tain types of hematologic research by 
several decades. This is not due to intrin- 
sic damage from citrate ion. Rather, it is 
because blood rendered incoagulable can 
be collected without attention to its la- 
bile components. This has led to the uni- 
versal collection of blood, for either anal- 
ysis or therapy, under nonphysiologic 
conditions; rubber tubing, warm glass 
bottles, and anticoagulant solution, fol- 
lowed by a variable storage period dur- 
ing which the equilibrium state of cell 
destruction and resynthesis no longer ob- 
tained. 

In an effort to surmount these condi- 
tions, work was begun in 1949 by Edwin 





Dr. Tullis, Dr. Surgenor, and Dr. Driscoll are 
associated with Harvard Medical School, Boston, 
Massachusetts, in, respectively, the department of 
medicine, the department of biological chemistry, 
and the department of pathology. Mr. Tinch and 
Mr. Gilchrist are at the Laboratories of Protein 
Foundation, Jamaica Plain, Massachusetts, Dr. 
D’Hont is a member of the department of chem- 
istry of the University of Louvaine, Louvaine, Bel- 
gium; and Dr. Batchelor is on the staff of the de- 
partment of medicine of the Massachusetts General 
Hospital, Boston. 


792 


William H. Batchelor 


J. Cohn and collaborators on equipment 
designed to collect and fractionate blood 
as early as possible in its natural state. 
The underlying principles were simple: 
rapid cooling, nonwettable surfaces, low 
turbulence, minimal gravitational forces, 
closed-system sterility, and rapid removal 
of the cytologic components before en- 
zymatic degradation could ensue. In an 
effort to make these fundamental tech- 
niques applicable to tissues other than 
blood, the engineering was developed in 
such a manner that broad versatility was 
permitted. As a result, a basic centrifuge 
system was evolved which has almost 
equal application to virus purification, 
milk stabilization, and the separation of 
other multiphase systems. Its perform- 
ance thus far has been chiefly assayed in 
the blood field, owing to the central 
theme of the originating laboratory (2). 


Closed System 


In the design of the apparatus, all parts 
that come into contact with blood or 
other biologic material were completely 
segregated from the mechanical and 
electric components necessary for power 
and control. The mechanical com- 
ponent, designated the “cartridge,” is 
simple in design; it is sterilizable in an 
autoclave and has attached to it the col- 
lection assembly and receptacles for stor- 
age of the individual fractions. The “car- 
tridge” can be stored indefinitely in an 
open area, because of a locking device 
which assures maintenance of “closed sys- 
tem” sterility (Fig. 1). 

Collection of the effluent fluids and cell 
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suspensions is accomplished by means of 
coaxial rings which are a part of a dy- 
namic or centrifugal valve. Thus, effluent 
discharged under centrifugal force is col- 
lected in an outer annular space; the ma- 
terial that drains after decelerating the 
bowl is collected in a separate, inner, an- 
nular chamber. Adoption of this prin- 
ciple avoids the need for manifolds to 
control the flow of liquids into their re- 
spective receivers. All connections into 
and out of the apparatus are thus made 
on a stationary, collecting assembly (Fig. 
2). 
Three basic bowl designs are employed 
in the centrifuge: an inverted conical- 
shaped, two-compartment bowl (type I) ; 
a peripheral-feed, long-traverse bowl 
(type II); and an inverted, cylindrical, 
falling-film bowl (type III). These make 
possible diverse types of separation which 
involve the removal of cells or precipi- 
tates from a liquid medium. The three 
bowls also possess internal flexibility by 
means of a locking device in the mid- 
portion of the bowl. This permits the in- 
sertion of various dividing baffles without 
change in the outside dimensions or in 
the relationship of the bowl to the drive 
mechanism. It also permits facility of dis- 
assembly for thorough washing, resur- 
facing, and removal of pyrogens. 


Type-I Bowl 


The separation of certain cytologic 
components of the blood is a typical ex- 
ample of the use of type-I bowl (Fig. 3). 
Blood contains three formed elements of 
varying average densities—red cells 
(1.095), white cells (1.065), and plate- 
lets (1.032)—suspended in __ liquid 
plasma. Sedimentation (either spontane- 
ous or accelerated by rouleaux reagents) 
and low-speed centrifugation have gen- 
erally been used for separation of the 
three kinds of cells. The densities of the 
three cell types represent average values 
only. Considerable variation exists in 
both size and weight. As a result, no single 
mechanical system has ever led to a pure 
yield of cells. Partial purification of a 
single kind of cells has been achieved by 
repeated packing of blood in a bucket- 
type centrifuge with pipette removal of 
the layer that most closely corresponds to 
the desired cell population. The present 
device permits a continuous-flow system 
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wherein such recycling can be effected in 
a closed system without alteration of the 
overlying gas phase and without penetra- 
tion of a sterile seal. 

Continuous separation also permits the 
use of a small centrifuge vessel, since only 
a part of the total volume is in the bowl 
at any given time. The shape of the sepa- 
ration vessel is critical and should vary 
with the centrifugal force employed, the 
specific gravity of the various cells, and 
the average viscosity of the liquid phase, 
in this instance, plasma. For the separa- 
tion of red cells at a low centrifugal force, 
the ideal shape is that shown in Fig. 3. 
Incoming blood enters from below and 
feeds by gravity to the top of the inverted 
cone at a flow rate of 50 milliliters per 
minute. This is controlled by the height 
of the donor or blood bottle above the ap- 
paratus. It impinges onto the revolving 
surface at nearly dead-center so that 
minimum shearing force occurs. Thence, 
it flows to the periphery of the bowl and 
then by gravitational force passes down 
through the centrifugal field. 

The forces acting on blood cells in the 
upper compartment of a bowl revolving 
about a vertical axis are centrifugal force, 
moving the cells outward, and gravita- 
tional force, moving the cells downward. 
In a centrifuge operating at less than 
450g, this second factor assumes con- 
siderable importance. The shape of the 
upper compartment of type-I bowl is so 
designed that it permits maximal cell ac- 
cumulation with minimal convexity along 
the inner face of the red cell mass as it 
advances toward the central (overflow) 
axis. As the upper bowl fills, plasma is 
displaced and overflows along a central 
weir which embodies an automatic valv- 
ing principle. 

After 500 milliliters of blood has 
passed through the apparatus, 220 milli- 
liters of clear plasma will have passed 
into an individual container leaving the 
red cell mass, the overlying layer of 
“buffy coat,” and enough retained plasma 
to permit fluidity. If a high plasma yield 
is desired, the centrifugal force is in- 


creased to 475g, thus packing the cells 
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Fig. 1. Two assembled cartridges ready for 
insertion into centrifuge. 
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Fig. 2. Collecting cup and assembly with centrifuge bowl removed. 


tighter and yielding an added increment 
of 25-35 milliliters of clear plasma on 
partial deceleration. 

The dynamic state within type-I bowl 
revolving at 425g is postulated as fol- 
lows: at a fixed flow rate, temperature, 
and rotational speed, the only variable 
is that of red cell volume. The inflow 
blood enters the apex of the inverted 
bowl and flows outward at a fixed rate of 
acceleration. Red cells begin to accumu- 
late at the edges of the bowl. The den- 
sity of material within the bowl ranges 
from 1.027 (plasma) to 1.095 (red cells). 
At a given point along a vertical axis 
within the bowl, a static zone will exist 
whose density is higher than that of white 
cells and lower than that of red cells. 
This zone remains static because red cells 
and plasma leave, owing to centrifugal 
force, as fast as red cells in miscible 
plasma enter, owing to constant flow rate. 
The white cells never penetrate this zone, 
because of its density. Likewise, they 
never pack, owing to continual bombard- 
ment of entering red cells and escaping 
plasma. The accumulation of red cells 
disturbs this static zone as it moves to- 
ward the point of overflow. 

A buffy coat layer begins to form after 
the bowl capacity has been reached, be- 
cause the effective centrifugal force has 
decreased owing to red cell accumula- 
tion, thus producing less disturbance at 
the zone of interface. If the buffy coat 
is desired as a separate component, the 
revolving bowl is decelerated slowly to 
40g, but is not stopped. The resulting de- 
crease in volume causes spillage of ap- 
proximately 25 milliliters of cell con- 
centrate with a mixed population of red 
and white cells in an average proportion 
of 5 red cells to 1 white cell. The white 
cell yield of this mixture may later be 
increased, either by recycling the buffy 
layer or by recycling plasma as a “wash” 


over the inner surface of the revolving 
red cell mass. 

White cell recovery. In attempts to 
improve the recovery of the “buffy coat,” 
many variations in bowl principle and 
operating technique have been studied. 
These include peripheral feed, rather 
than central feed, and variation in flow 
rate and centrifugal force. One method 
consists of blood collection into a bowl in 
which the standard central part is re- 
placed by a single baffle dividing the bowl 
into upper and lower compartments. At 
the end of a 500-milliliter phlebotomy, 
the red cell bowl is decelerated to 60g, 
and saline is introduced through the feed 
port at a rate of 250 milliliters per min- 
ute. This effectively removes part of the 
buffy coat layer and yields as high as 70 
percent of the theoretically available 
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Fig. 3. A stainless steel, two-compartment 
bowl with continuous flow to the top of 
inverted cone. Capacity of upper compart- 
ment, 280 milliliters at 425g. Lower weir 
contains dynamic valve for separation of 
overflow liquid from precipitate, which re- 
mains in bowl during operation and drains 
through separate port after deceleration. 
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white cells, mixed with 7-10 percent of 
the red cells. 

The suspension can be purified further 
by passing it through a second bowl (3) 
containing a thin layer of albumin of 
density 1.078. The recovery of leucocytes 
from this second purification averages 
20 percent of the theoretic number of 
cells entering the second bowl. The ratio 
of white cells to red cells averages 1/4. 

Another method requires interruption 
of the initial red cell-plasma separation 
after 8 minutes of centrifugation, Blood 
from the donor is collected into a reser- 
voir rather than into the revolving bowl. 
Four hundred milliliters of blood is then 
forced from the reservoir at 50 milliliters 
per minute and is centrifuged at 425g. 
The bowl is then decelerated slowly to 
60g over a 45-second period. A yield of 
50 milliliters of plasma is obtained by 
this deceleration. An average of 17 per- 
cent of the white cells is present in this 
plasma with a white cell-to-red cell ratio 
ranging from 1/1 to 1/3. The bowl is 
then reaccelerated to 425g, and the re- 
maining 100 milliliters of blood is intro- 
duced from the reservoir in a 2-minute 
period, Deceleration is again accom- 
plished as in stage one with a recovery of 
an added white cell increment which 
averages 25 percent, 

Mixed platelet and buffy coat recovery. 
Under routine methods of collection, the 
concentration of platelets in the buffy 
coat is generally small, averaging less 
than 20 percent. This is due to the low 
density of platelets and the high viscosity 
of plasma at operating temperatures of 
+4° to+ 10°C. If it is desired deliberately 
to include platelets in the buffy coat, the 
original separation can be effected at 
higher gravitational force or the inflow 
of blood can be halted after full-bowl 
capacity is reached, and the entire mass 
can be centrifuged in a static state. The 
method for obtaining platelets in a high 
yield without admixture of white and 
red cells is described in another section. 

Packed red cells and plasma. The rou- 
tine, semiautomatic recovery of packed 
red cells (with overlying buffy coat) and 
cell-free plasma is easily accomplished 
with type-I bowl. Separation takes place 
during the actual bleeding and is com- 
pleted synchronously with removal of the 
needle from the donor’s arm. Flow rates 
and centrifugal force have been designed 
to correspond to bleeding times of 10 
minutes. If desired, the blood may be 
collected in an area remote from the 
centrifuge with later attachment of the 
machine and subsequent sterile fractiona- 
tion. A separate individual “cartridge” 
consisting of the revolving bowl, attached 
containers, in-flow tube, cooling coil, and 
anticoagulant solution or ion-exchange 
resin column, is used for each individual 
phlebotomy. In a consecutive series of 
1575 red cell-plasma separations, clear 
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Fig. 4. Stainless steel, two-compartment 
bowl with continuous feed to the under- 
surface of central plate. Capacity of upper 
compartment approximately 350 milliliters 
at 425g. During operation, the upper com- 
partment drains by overflow along a cen- 
tral tube that traverses the lower compart- 
ment without entering it. Cells from the 
upper bowl drain backward into a separate 
container following cessation of centrifugal 
force. 


plasma was obtained on 1480 occasions. 
In 30 collections, slightly pink plasma 
was obtained, owing to friction at the 
top of the feed tube from excessive spring 
pressure. A small overflow of red cells 
occurred during the last 50 milliliters of 
plasma in 65 other collections. This was 
generally due. to an abnormally high red 
cell mass in the donor blood. 

Four hundred eighty of the 1575 col- 
lections were made with the blood first 
passing into a reservoir containing anti- 
coagulant solution with subsequent trans- 
fer into the revolving bowl. Anticoagula- 
tion in the other experiments was by cal- 
cium removal on a sodium cycle, cation- 
exchange resin. The average plasma yield 
was 220 milliliters. 

In order to check accurately on the 
viability of red cells separated in the 
centrifuge, a collaborative study was 
made in association with John G, Gibson 
II, at the Harvard Medical School. The 
postinfusion survival of red cells that had 
been separated and processed in the cen- 
trifuge was studied in ten experiments by 
the radiochromium technique. The in 
vivo survival characteristics were com- 
pared with the well-documented survival 
of red cells collected into ACD antico- 
agulant solution NIH Formula B and 
manually separated. The results are fully 
reported elsewhere (4). It was concluded 
from the study that red cells separated in 
this apparatus, showed in vivo survival 
which compared favorably with cells that 
had been collected and separated by 
standard techniques. 

Type-I bowl recently has been used 
elsewhere for experiments in plasma- 
pheresis and leucopheresis. The com- 


pletely closed system makes possible the 
reinfusion of a selected component of 
blood back into the original donor with- 
out fear of bacterial contamination. Early 
plasmapheresis experiments in an “open 
system” by Griffols-Lucas (5) suggested 
this as a means of increasing the yield of 
a given component of blood. Later cal- 
culations by Stokes (6) emphasized the 
public-health implications of such con- 
trolled bleedings. It was postulated that 
the (biweekly) bleeding of 2900, high- 
titer, hyperimmune donors with rein- 
fusion of their red cell mass at the time 
of each bleeding would result in the same 
yield of antibody-containing gamma 
globulin as the present random annual 
bleeding of 4 million normal donors. Ex- 
periments on the adaptability of type-I 
bowl to plasmapheresis is under study by 
Stokes and Smolens and is the subject of 
a separate report (7). To date, 550 plas- 
mapheresis experiments have.been car- 
ried out in this manner without reaction. 

Studies by Stephen Chapman at the 
University of Louisville have shown a 
unique effectiveness of the standard red 
cell-plasma bowl for concentration of 
virus by adsorption on red cells and by 
precipitation through the addition of 
zinc reagent inside the revolving bowl. 
The continuous-flow (recycling) capabil- 
ity of the system makes possible the iso- 
lation of small amounts of virus from 
large quantities of material. The closed 
system simultaneously assures protection 
of the experimenter and of the virus 
itself (8). 


Type-II Bowl 


The infusion of glycerol into red cells 
and the removal of glycerol from frozen 
and thawed red cells are typical ex- 
amples of the use of type-II bowl (Fig. 
4). It has recently been demonstrated 
(9, 10) that treatment of red cells with 
glycerol or other polyhydric alcohols will 
permit subsequent long-term storage at a 
temperature below freezing. Such cells 
possess in vivo and in vitro survival which 
compares favorably with that of ordinary 
“banked” blood which has a 3-week dat- 
ing period at +4°C. The single fac- 
tor that has most significantly delayed 
the application of this revolutionary prin- 
ciple to blood preservation has been the 
advisability of removing the glycerol 
prior to reinfusion into a recipient. The 
rate of water endosmosis is roughly 4 
times greater than glycerol exosmosis. 
Red cells containing a high concentra- 
tion of glycerol, when placed in an aque- 
ous phase containing 0.15M sodium 
chloride and no glycerol solution, will 
take in water so much more rapidly than 
they will give up glycerol that prompt 
swelling and lysis occur. The standard 
laboratory methods of equilibrating with 
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glycerol before freezing and removing 
glycerol after freezing and thawing are 
time-consuming and difficult to accom- 
plish with sterile technique. 

Glycerolization and deglycerolization. 
Blood collections of 500 milliliters each 
are made into a reservoir containing 
anticoagulant solution. The blood is then 
forced to the undersurface of the metal 
plate in the mid-portion of the bowl at 
a flow rate of 45 milliliters per minute, 
with a gravitational force of 425g within 
the revolving bowl. The suspension passes 
to the periphery and enters the upper 
chamber by centrifugal force. As the 
upper bowl fills to its capacity of 350 
milliliters, the blood separates into a 
lighter plasma layer and a heavier red 
cell layer. The clear plasma rises to the 
inner axis and overflows through an exit 
tube. The overflow plasma is collected 
separately and may be used for platelet 
concentration or any other desired pur- 
pose. Without interruption, a glycerol so- 
lution (Table 1) is introduced at a flow 
rate of 30 milliliters per minute until a 
total of 1000 milliliters has been passed 
through the bowl. When desired, a series 
of solutions of increasing glycerol content 
may be used. This permits a more rapid 
flow rate (owing to lower viscosity) and 
avoids the slight hemolysis that some- 
times follows the direct introduction of 
40-percent glycerol. The bowl is then 
stopped, and the glycerolized red cells 
drain into a suitable container for re- 
moval and storage at the desired tem- 
perature below freezing. 

To remove glycerol from previously 
frozen and thawed cells, the process is es- 
sentially reversed. The thawed cells are 
fed into an empty revolving bowl. Glyc- 
erol rises to the inner axis and overflows. 
Two wash solutions (Table 1) are at- 
tached to the assembly in a tandem ar- 
rangement and are forced into the bowl 
in such a manner as to give a gradual gra- 
dient between the two solutions so that 
the first wash contains 10-percent glycerol 
and 0.496M lactate, whereas the final 
wash contains 0-percent glycerol and 


Table 1. Ingredients for solutions 





Glycerolizing Solution 


Sodium lactate 0.156M 
Glycerol 40% (w/v) 
Potassium Chloride 0.004M 
Distilled water q.s. 


Deglycerolizing solutions 
Wash solution No. 1: 


Sodium lactate 0.496M 
Glycerol 10% (w/v) 
Potassium Chloride 0.004M 
Distilled water q.s. 

Wash solution No. 2: 
Sodium lactate 0.156M 
Potassium Chloride 0.04M 
Distilled water qs. 
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0.156M lactate. These solutions have 
less density than the heavy glycerolized 
cells and rise toward the inner axis, main- 
taining a slow but constant flow, thus 
dialyzing all glycerol from within the red 
cells. A total wash volume of 4 liters 
is used. Finally, a suspending medium is 
introduced to displace the final wash 
solution. The centrifuge is stopped and 
the red cells are allowed to drain by 
gravity into a bottle or bag containing 
protein, glucose, and isotonic salt. 

The recovery of red cells at the com- 
pletion of the full processing of glyceroli- 
zation, freezing, thawing, and deglycerol- 
ization varies from 70 to 90 percent. The 
final glycerol concentration averages less 
than 200 milligrams, as assayed by the 
method of Karnovsky (11). Cells so 
treated have shown osmotic fragility 
curves equal to freshly isolated cells that 
have not undergone glycerolization and 
freezing. Successful in vivo survival stud- 
ies utilizing chromium-tagged cells proc- 
essed in this manner are the subject of 
a separate report (/2). 

Approximately 150 units have been 
glycerolized and 200 units deglycerolized 
by these techniques. The average elapsed 
time for glycerolization has been 45 min- 
utes and: for deglycerolization 120 min- 
utes. The process is serniautomatic, and, 
once proper flow conditions are estab- 
lished, multiple separations can be insti- 
tuted, thus greatly shortening the opera- 
tion time per unit of cells, The amount 
of hemolysis and free hemoglobin in the 
supernate is related to the time of stor- 
age, temperature of storage, and glycerol 
content rather than the processing itself. 
For direct processing and freezing with- 
out prolonged storage, the cell loss from 
hemolysis averages less than 1 percent 


(13). 


Type-III Bowl 


The separation of platelets from fresh 
plasma is a typical example of the use 
of the type-III bowl (Fig. 5). Platelets 
have an average density of 1.032. Their 
removal from plasma, which possesses 
only a slight difference in density, is fur- 
ther complicated by the increased viscos- 
ity of plasma at low temperatures (0° to 
+4°C) that are optimal for platelet pres- 
ervation. 

Classic methods for platelet concen- 
tration require prolonged centrifugation 
at high speeds in order that the platelets 
may traverse the depth of plasma pres- 
ent in an ordinary blood bottle or plastic 
bag. This lengthens the time that the 
cells are in contact with their substrate 
coagulation proteins under in vitro con- 
ditions. Moreover, the standard tech- 
niques do not permit continuous-flow, 
closed-system methods which are neces- 
sary in order to wash completely the 
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Figure 5. Stainless steel, single-compart- 
ment cyclindrical bowl, with continuous 
flow to top plate. Capacity 25 milliliters at 
250g. Drainage through single outlet port 
in collecting cup. 


platelets free of plasma proteins. Ex- 
perience with the new falling-film type 
of bowl points to markedly increased 
platelet yields with fewer altered prop- 
erties. 

Platelet concentration for in vitro and 
in vivo use. Five hundred milliliters of 
fresh whole blood is collected over an 
appropriate deionizing column of car- 
boxylate resin on the sodium cycle or into 
an attached reservoir containing anti- 
coagulant solution. The blood then flows 
into type-I bowl, which is modified by 
the inclusion of a %-inch spacing ring to 
increase the volume to 324 milliliters. 
Operating conditions for this separation 
include reduction of centrifugal force to 
300g or less with maintenance of the 
standard flow rate of 50 milliliters per 
minute. This permits retention of a 
higher platelet content in the overflow 
plasma: averaging slightly greater than 
60 percent in 50 experiments. 

If it is desired to recover the platelets 
that remained with the red cell mass, 
the packed red cells may later be re- 
suspended in the platelet-free plasma and 
recycled through type-I bowl (14). The 
overflow plasma containing platelets is 
then passed at a flow rate of 10 milli- 
liters per minute under positive nitrogen 
pressure through a connnecting tubing 
into type-III bowl and centrifuged at 
250g. After the first 25 milliliters of 
plasma has entered, all subsequent 
plasma passes as a film over the surface 
and emerges through the single collecting 
port at the bottom. This reduces to a few 
millimeters the distance any platelets 
or precipitate must move to be freed of 
the liquid phase as it falls in a film 
through the centrifugal field. 

During the exposure to the centrif- 
ugal field (approximately 8 seconds) the 
cells move out of the axial flow and even- 
tually concentrate in a capillary layer 
along the sides of the bowl. At the com- 
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pletion of the separation, the bowl is 
decelerated slowly allowing the hold-up 
volume of plasma to drain without re- 
moval of the capillary film of platelets 
evenly distributed along the wall. The 


bowl is then reaccelerated and a series 
of wash solutions is introduced through 
the original feed port. The process of 
washing and draining can be repeated 
until the desired freedom from entrained 

















Fig. 7. Close-up centrifuge showing two bowls in operating position. Donor tubes extend 
from top to ion-exchange columns, cooling baths and thence into centrifuge bowls. 
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protein is achieved. The bowl is then 
decelerated abruptly. This has the effect 
of scooping the platelets from the wall 
of the container, causing them to flow 
out in an even suspension. 

In 150 consecutive experiments, the 
platelet counts in the final storage media 
have averaged 800,000 per cubic milli- 
meter, representing an average yield of 
about 50 percent of the available num- 
bers (15). Platelets isolated by this tech- 
nique have been the subject of extensive 
in vitro and in vivo study. They have 
shown stability sufficient for preservation 
in excess of a year by methods outlined 
elsewhere (16). 


Sterile Seal 


The desired bowl, centrifugal valve, 
stationary feed tube, collecting assembly, 
and attached plastic bags, tubing, resin 
column (or anticoagulant), and donor 
set are all mounted prior to sterilization. 
A firm locking device holds the various 
rotating parts in firm apposition with the 
collection system, so that no precautions 
are necessary for prolonged storage in an 
open room. Moreover, the autoclave 
methods include passage of steam and 
sterile nitrogen gas through the bag or 
bottle assembly, so that positive pressure 
is maintained during storage. Inspection 
of the “cartridge” before use for presence 
of inflated bags assures effectiveness of 
the seal. Any leak, if it were to occur, 
would be in an outward, rather than an 
inward, direction, owing to the internal 
positive pressure during storage. 

At the time of use, the locking device 
is removed. Contact is maintained be- 
tween the bottom of the revolving centri- 
fuge bowl and the uppermost part of the 
stationary collecting system by gentle 
spring pressure on a graphite ring which 
mates with a stainless steel ring. The op- 
posing stainless steel and graphite sur- 
faces are ground flat, with the result that 
minimal contact between the two sur- 
faces will still result in an airtight and 
bacteriologically sterile barrier. The 
properties of the graphite are such that 
high rotational force can be employed 
without significant frictional heat and 
without resorting to lubrication. 

During operation, the drive force on 
the centrifugal bowl is applied from the 
outside. Positive pressure can be main- 
tained in the bowl during operation, and 
any desired mixture of gases may be em- 
ployed. The seal effectively protects the 
centrifuged material from bacterial con- 
tamination as well as the operator from 
the material being centrifuged. This 
latter condition is of singular importance 
in the handling of plasma contaminated 
by icterogenic virus or other toxic mate- 
rials. 

In order to corroborate the effective- 
ness of the seal, a collaborative program 
was conducted in association with the 
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research laboratories of a manufacturer 
of commercial sterilization equipment. 
Plastic bags containing red cells and 
plasma processed through the various 
afore-described bowls were shipped from’ 
Boston to Erie, Pennsylvania, by air ex- 
press. Shipments were made twice weckly 
during an 8-month period and comprised 
81 samples: 39 bags of red cells, 41 bags 
of plasma, and one bag of whole blood 
reconstituted after processing. Upon ar- 
rival in the collaborating laboratory, all 
samples were cultured and studied, util- 
izing techniques that followed closely 
those outlined in the 14th revision of 
U.S. Pharmacopoeia. 

The results of this study, comprising 
1040 cultures on 39 samples of red cells, 
41 samples of plasma, and one sample of 
whole blood, were negative for bacterial 
growth with the single exception of the 
cultures from one bag of plasma that 
had ruptured during aerial shipment. 
Since completion of this study, the ade- 
quacy of the seal has been further cor- 
roborated by the routine processing of 
more than 500 samples of blood products 
which subsequently have undergone cul- 
ture or direct in vivo use. 

Concurrently with the bacteriologic 
testing, 43 routine samples of red cells, 
plasma, and platelets were also tested in 
animals for pyrogenicity. Rabbit testing 
was carried out at the Commonwealth 
of Massachusetts, Division of Biologic 
Laboratories according to U.S. Pharma- 
copoeia, revision 14. The tests showed a 
uniform absence of pyrogens. The same 
500 samples of blood that have corrobo- 
rated the sterility data also have shown 
freedom from pyrogens. The satisfactory 
performance of the equipment in this re- 
gard is believed to be due to the simplicity 
of the bowl assembly. Each of the three 
bowls can be disassembled into a conical- 
shaped upper and lower half (similar for 
all types of assembly) plus any one of 





the three central bowl inserts (Fig. 6). 
These latter are varied according to the 
type of centrifugation desired. 


General Equipment 


The three bowl principles outlined 
here and the complete seal unit have 
been incorporated into a single dual-unit 
drive mechanism (Fig. 7). This equip- 
ment has recently become available com- 
mercially (17) for research use. It con- 
tains complete refrigeration equipment 
for prompt cooling to + 4°C with main- 
tenance at temperatures between 0° and 
+ 10°C throughout the period of experi- 
mentation. It is mobile and can be oper- 
ated from standard electric circuits of 
25-ampere, 115-volt, 60-cycle single 
phase. Its dual-drive control permits two 
completely different experiments or types 
of centrifugation to be carried on simul- 
taneously. The activation and braking 
mechanisms permit sensitive control, so 
that the speed of centrifugation can be 
varied without turbulence. 

Visualization of the separation process 
is not possible until after the initial over- 
flow of plasma. This occurs at about 7 
minutes following institution of a stand- 
ard red ccll-plasma separation. For vol- 
ume measurement, one can compute the 
measured overflow content (volumetri- 
cally in a bottle, gravimetrically in a bag) 
and add to the fixed volume of the bowl. 
For standard operations in which accu- 
rate volume measurement is not required, 
simple timing of flow rate has proved 
satisfactory. For example, in standard 
blood separation directly from a donor, 
the flow is interrupted after 10 minutes 
on the presumption that approximately 
1 pint of blood has been collected. 
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Solar Furnace in 
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The large amount of solar energy that 
reaches the surface of the earth and is 
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strated at the first World Symposium on 
Applied Solar Energy held in Phoenix, 
Arizona, in November 1955 (7). 

Solar energy is already used in experi- 
mental installations to drive engines, to 
heat and cool houses, to distill water, to 
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cook food, and to generate electricity. 
Wherever conventional fuels are in short 
supply, wherever energy requirements are 
small and sunshine is abundant, solar en- 
ergy may find limited application. But in 
all these uses it remains a substitute in 
the true meaning of the word. It must 
compete economically and in conveni- 
ence with other forms of energy. Accord- 
ingly, whenever conventional forms of 
energy, including nuclear energy, become 
readily available, the use of solar energy 
loses its economic or technical justifica- 
tion. 

There is, however, one application in 
which solar energy is superior to any 
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other form of energy presently available, 
namely in the field of high-temperature 
research. 


Conventional High-Temperature 
Furnaces 


Conventional furnaces used in high- 
temperature research have a number of 
serious shortcomings. The first of these 
is the relatively low temperature ceiling 
that is obtainable. With gas-fired fur- 
naces, the temperature maximum is 
about 1800°C. Electric resistance fur- 
naces may reach higher temperatures, in 
special arrangements up to 2800°C, but 
heavy penalties must be payed in the re- 
duced convenience and flexibility of op- 
eration. In such furnaces an inert gas at- 
mosphere has to be maintained, and this 
has many inherent complications. 

The theoretical temperature limit of 
the induction furnace is the melting point 
of the magnetic susceptor material in 
which the high-frequency alternating cur- 
rent generates heat by induction. In prac- 
tice, however, temperatures seldom ex- 
ceed 2700°C, since even above 2000°C 
radiation from the susceptor becomes 
very intense, Insulators and reflectors 
have to be used to keep energy losses low 
and to prevent failure of the copper re- 
duction coil. In many cases, a water cool- 
ing jacket is used between the work coil 
and susceptor. As a consequence, the in- 
duction coil and susceptor are placed 
farther apart; hence, the coupling is poor 
and the maximum obtainable tempera- 
ture is lowered. 

Another restriction on induction fur- 
naces is that only magnetically suscepti- 
ble materials may be directly heated in 
it. If the sample is not a susceptor, an 
auxiliary susceptor has to be used, and 
the sample is heated by radiation. It is 
very difficult to find a satisfactory auxil- 
iary susceptor, because it must have a 
higher melting point than the desired re- 
action temperature, and it should not re- 
act with the sample, the parts of the fur- 
nace, or the atmosphere in the furnace. 
Carbon is frequently used as an auxiliary 
susceptor, but the reduction of oxides 
and the formation of carbides constitute 
a serious limitation. 

Carbon-arc furnaces are used for 
higher temperatures, but the reduction 
of oxides and the formation of carbides 
are even more restrictive here. In addi- 
tion, the hot zone is very small, uniform 
temperatures are difficult to obtain, and 
close temperature control or gradual 
change of temperature is impossible. 

Whether they use gas or electricity, all 
these furnaces have one disadvantage in 
common, the need for a container to hold 
the sample being heated. The container 
should exhibit good mechanical and 
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Fig. 1. Correlation of reflector dimensions 
and maximum obtainable temperature 
of paraboloidal concentrators of solar 
radiation; n=diameter/focal length. 


chemical stability at the operating tem- 
perature, and it should not react with 
the sample or any other matter in the 
furnace. In many cases, it is also desira- 
ble that the sample should not become 
an electric conductor or magnetic sus- 
ceptor even at high temperatures, It is 
very difficult to meet these requirements. 
Frequently, before an investigation at 
high temperature is undertaken, an aux- 
iliary research project has to be carried 
out to develop a suitable container mate- 
rial. This secondary project may require 
more time and effort than the investiga- 
tion of the main problem, and sometimes 
no satisfactory container material can be 
found. 


Advantages of the Solar Furnace 


The use of solar radiation to generate 
high temperatures offers an elegant solu- 
tion to these problems (2). The temper- 
ature limit is thereby extended beyond 
the previously mentioned values. With a 
60-inch-diameter solar furnace, 3500°C 
has been reached at Fordham University, 
and it is possible to build furnaces to 
reach temperatures of more than 4500°C, 
Figure 1 shows the correlation of reflec- 
tor dimensions and maximum obtainable 








Fig. 2. Schematic diagram of solar furnace 
for high-temperature research. 


temperature. The upper curve (coeffi- 
cient of reflection = 0.9) represents values 
for highly polished silver or aluminum 
reflectors. Metals of better corrosion re- 
sistance, such as stainless steel and stel- 
lite, would yield temperatures along the 
lower curve (0.7). All these values refer 
to geometrically perfect paraboloidal re- 
flectors. 

Just as important as the high tempera- 
ture is the ideal experimental condition 
that exists in a solar furnace. Radiation 
energy is a very pure heat source. No 
combustion products and no vapors of 
refractories or resistance elements are 
present as contaminants, Since the mate- 
rial to be heated acts as its own crucible, 
reactions between sample and container 
are eliminated. Also eliminated are reac- 
tions between the sample and other parts 
of the furnace, since the parts of the fur- 
nace remain virtually at atmospheric 
temperature during the entire heating 
process. 

Since it is possible to raise the temper- 
ature to 3500°C within a few seconds, 
the cycle of heating is very short. The 
cooling period also is very short, since 
the sample is not surrounded by a large 
mass of hot refractory material. Thus, 
effective quenching, so important in 
phase studies, can be performed conveni- 
ently. If, however, slow heating or slow 
cooling is required, these too are possible, 
since the temperature can be controlled 
closely even at the top range. Further- 
more, it is possible to perform the heat- 
ing in air, in any desired atmosphere, 
and at low or moderate pressure. 

Heating the sample under experimen- 
tal conditions is only one part of high- 
temperature research, It has to be com- 
bined with observation and measurement 
during heating. These too can be accom- 
plished far better in the solar furnace. 
Since only part of the sample is heated, 
and since the entire surroundings remain 
at atmospheric temperature, the obser- 
vation and measuring instruments may 
be placed quite close to the sample. 
There is no electromagnetic field to in- 
terfere with the measurement of electric 
properties. It is possible to repeat a test 
within a few seconds by moving, with 
the aid of a servomechanism, an unre- 
acted portion of the sample into the focal 
point. : 


Operating Principle 


Figure 2 shows the operating principle 
of the solar furnace. Solar radiation is 
concentrated by a paraboloidal reflector 
on the sample placed in the focal zone. 
Since the reflected radiation forms a 
double cone (dotted line) with the apex 
at the focal zone, the size of the heated 
area may be increased by moving the 
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sample along the axis of the cones in 
either direction. As the heated surface 
increases, the energy density—that is, the 
temperature—decreases, Another method 
of decreasing the maximum temperature 
consists of moving a reflecting cylinder 
C into the position indicated by the 
broken line, thus preventing part of the 
reflected radiation from reaching the 
sample. By making the movement of both 
sample and cylinder continuous, good, 
gapless temperature control may be 
achieved. 

‘The solar energy reaching the atmos- 
phere of the earth is 2 calories per min- 
ute, per square centimeter. Because of 
atmospheric absorption and dispersion, 
this value is reduced to approximately 
1.6 calories per minute, per square centi- 
meter by the time the energy reaches the 
surface of the earth. Accordingly, under 
ideal weather conditions each square cen- 
timeter of the reflector receives approxi- 
mately 1.6 calories of heat every minute 
and reflects it into the small focal area, 
thus producing a very high concentration 
of energy. Since the reflector cannot be a 
geometrically perfect paraboloid and 
cannot have a reflection coefficient of 
unity, some energy losses are unavoidable. 

The cause of a further decrease in 
energy density at the focal zone is illus- 
trated in Fig. 3, in which the real path 
of solar radiation in a large-aperture re- 
flector is illustrated. The image of the 
sun is defined by an angle of 32 minutes 
at any point of the reflector. The image 
recreated at the focal zone naturally is 
defined by the same angle. At a point 
close to the rotational axis F of the re- 
flector, image 2 is reflected, forming cone 
2,. The intersection of the sample with 
cone 2, forms the base of the cone, which 
is approximately a circle of d, diameter. 
The axis of cone 2, is L,. A point farther 
away from F reflects cone 1,. The base 
of this cone is an ellipse with a major 





Fig. 3. Formation of the reflected image 
of the sun; a represents 32 minutes. 
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Fig. 4. Front view of the solar furnace at Fordham University. 


axis of d,. Since L, (the axis of cone 
1,) is larger than L,, the area of ellipse 
d, is greater than the area of circle d,. 
The total energy content of both cones is 
equal; therefore, the energy density is 
greater in circle d, than in ellipse d,. 

A further temperature gradient results 
from the fact that the central part of the 
focal zone receives energy from all points 
of the reflector; whereas the outer part 
of the zone is heated only by reflection 
from the peripheral portions. Accord- 
ingly, the peripheral parts of the reflec- 
tor make no considerable contribution to 
the highest temperature zone. This ex- 
plains why no further rise in temperature 
can be obtained by increasing the aper- 
ture n above 4 (Fig. 1). 

Since the central parts of the reflector 
contribute greatly to the high energy 
density, it is very unfortunate that exactly 
this-valuable portion is shaded by the 


sample and the temperature-control * 


mechanism. The completely shaded cen- 
ter part of the reflector is cut out, since 
it would not participate in the concen- 
tration of energy anyway. The opening 
thus obtained is used for the mounting 
of observation and measuring instru- 
ments. 


Fordham Solar Furnace 


The solar furnace at Fordham Univer- 
sity was constructed from a 60-inch 
searchlight, Figure 4 is a front view of 
the furnace. The highly polished parabo- 
loid mirror at the back of the furnace 
reflects the inverted image of buildings 
and trees. The observation hole with an 


optical pyrometer mounted in measur- 
ing position is seen at the center of the 
mirror. An I-beam runs across the front 
of the furnace. Mounted on the I-beam 
is a carriage that can be moved sideways 
with the aid of a servomotor shown at 
the far left side. The carriage contains 
the sample holder and positioning mech- 
anism, which is activated by three servo- 
motors. One of these motors is at the 
center of the photograph. Surrounding 
the carriage is a highly polished alumi- 
num cylinder. This cylinder can be low- 
ered or raised mechanically, thus decreas- 
ing or increasing the amount of radiation 
reaching the sample, as is explained in 
the discussion of Fig. 2. 

The back of the furnace can be seen 
in Fig. 5. The optical pyrometer in the 
observer’s hand is used for temperature 
measurements. The switchboard on the 
right side controls the operation of the 
servomotors. Thus the observer, without 





Fig. 5. Rear view of solar furnace at Ford- 
ham University, showing mounted optical 
pyrometer and control switches. 





Fig. 6. Mullite sample being heated in the solar furnace. 


leaving his post, can change the position 
of the sample in every direction, move 
a fresh part of it into the focal zone, and 
control the temperature of the focal zone. 
Finally, Fig. 6 is a view through the ob- 
servation opening during the heating of 
a sample of mullite. The construction 
of the sample holder is visible in detail, 
together with the chain-sprocket system 
of the positioning mechanism. The bright 
circle on the mullite block is the heated 
area, and the dark spot is a cavity that 
was melted into the sample during a pre- 
vious run, 

Although the maximum temperature 
may be reached within a few seconds, 
it may be necessary for certain measure- 
ments to maintain uniform temperature 
at the same spot for a longer period of 
time. Therefore, an automatic system 
was developed to guide the mirror so 
that in its rotation it will follow the ap- 
parent motion of the sun (3). Solar fur- 
naces constructed especially for this pur- 
pose are mounted on a polar axis and 
need only a synchronous motor for the 
proper rotation of the reflector. 

Solar furnaces will become important 
tools of fundamental high-temperature 
research. At present, the determination 
at temperatures above 2000°C of the 
simplest physical constants—for example, 
melting point, boiling point, vapor pres- 
sure, and so forth—presents great diffi- 


culties in equipment and instrumenta- 
tion. Measurements of specific heat and 
reaction rates are limited to even lower 
temperature regions. Studies of crystal- 
line properties and phase changes are 
particularly hindered by the container 
problem at elevated temperatures. 

The pure experimental conditions and 
high temperature range of the solar fur- 
nace offer a much needed relief. Some 
work already has been reported in this 
direction (4). Studies of electric and op- 
tical properties require single crystals of 
extremely high purity. If the material to 
be studied has a high melting point, the 
growing of single crystals is impossible 
without introducing a variable amount 
of impurity from the environment of con- 
ventional furnaces. Single crystals were 
grown in the solar furnace of Fordham 
University from highly refractory oxides, 
such as ZrO,, without allowing them to 
come in contact with any material other 
than air. It may be worth while to men- 
tion that the solar furnace, besides being 
a research tool, is used at the high-tem- 
perature laboratory of Fordham Univer- 
sity to make the hot junction bead on 
thermocouples. Eliminated, by _ this 
method, is the possibility of carbon con- 
tamination, which is always present dur- 
ing the conventional carbon-arc melting 
method. 

No one experimental setup is available 
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for research on solar furnaces. The inves- 
tigator first has to determine the condi- 
tion he wishes to maintain and then de- 
sign his heating and measuring equip- 
ment accordingly. The lack of reports on 
experiments already completed forces 
every investigator to start afresh. Some 
consolation for this lack of interchange 
of information may be found in the fact 
that this situation is likely to produce 
several independent approaches to simi- 
lar problems, 

The importance of. increasing our 
knowledge of the high-temperature prop- 
erties of matter is not academic alone. 
In many fields of technology, great ad- 
vances can be expected once we cross 
this “temperature barrier” in knowledge. 
Two examples will illustrate this state- 
ment. At present the temperature in the 
combustion chambers of jet engines is 
about 750°C. If this value could be in- 
creased to 1300°C, the fuel consumption 
of the engine would decrease to half of 
its present value. No engine material, 
however, is available to withstand such 
a high operating temperature. The de- 
velopment of a satisfactory material or 
combination of materials would have 
great military and economic importance. 

A second example is found in the de- 
velopment of atomic power plants, The 
operating temperature of atomic piles is 
limited by the refractory properties of 
the construction and shielding materials. 
Whenever better refractory materials be- 
come available, the thermal efficiency of 
atomic power plants will increase greatly. 
In the search for better materials for the 
combustion chambers of jet engines, bet- 
ter refractories for atomic reactors, as 
well as much other high-temperature re- 
search work, the solar furnace may be 
used to great advantage. 

Only a few solar furnaces are used at 
present for research, but considerable in- 
terest has been shown recently in this 
unique tool. The great potentialities of 
the solar furnace and the favorable reac- 
tion it has created in science and indus- 
try justify the hope that a large number 
of the furnaces will be constructed and 
used for high-temperature research. 


References and Notes 


1. G, Benveniste and M. L. Kastens, Science 123, 
826 (1956). 

2. I wish to express my appreciation for the finan- 
cial support received from the National Science 
Foundation for research work on solar furnaces. 

3. T. S. Laszlo, W. deDufour, J. Erdell, “A guid- 
ing system for solar furnaces,’’ Conf. on Solar 
Energy: the Scientific Basis, Tucson, Ariz. 
(1955). 

4. W. M. Conn, Ceram. Bull. 33, 69 (1954); F. 
Trombe and M. Foex, Rev. mét. 47, No. 5, 359 
(1951). 


SCIENCE, VOL. 124 











ene! 
stim 
thre 
actu 
radi 


ope 
use 


is t 
The 
bull 
ings 
che 
bull 
for 
the 
gro 
pip 
whi 
wit 


gist 
sou 
tag: 
of « 
cifi 
of 

vol 
inje 
flov 
apy 
pri 
wh 




















Low-Level Counting Methods 


for Isotopic Tracers 


Although the peaceful uses of atomic 
energy have captured the interest and 
stimulated the imagination of scientists 
throughout the world, the principal uses 
actually realized are the applications of 
radioisotopes and nuclear radiations. 
This is the field of radiochemistry, With 
the ready availability of radioisotopes 
made possible by the nuclear reactor, 
modern radiochemistry has found many 
applications in research, development, 
control, and manufacturing. In recent 
years, advances in radiochemical instru- 
ments and techniques have simplified 
measurements, extended the usefulness 
of radiochemical applications, and 
opened up new fields for the large-scale 
use of radioisotopes. 

Perhaps the most versatile application 
is the use of radioisotopes as tracers. 
These applications range from simple 
bulk tagging to highly sophisticated trac- 
ings of atoms and molecules in complex 
chemical reactions. A few examples of 
bulk tracing are the tagging of sewage 
for tracing effluent patterns near beaches, 
the labeling of heating oils in under- 
ground storage for tracing leakage from 
pipelines, and nature’s tracer experiment 
whereby air masses are naturally tagged 
with cosmic-ray-produced tritium, by 
means of which enterprising meteorolo- 
gists can trace the movements and 
sources of air masses. The “bird band” 
tagging of the interphase between grades 
of oil in a pipeline, the use of gross spe- 
cific activity as a measure of the degree 
of physical mixing or, conversely, as a 
volume measurement, and the timing of 
injected radioisotopes for monitoring 
flow rates are good examples of further 
applications that have been pioneered 
principally by the petroleum industry, 
which has been a leader in the industrial 
use of radiochemistry. 

In the field of atom tracing, the use 
of radioisotopes has made possible clas- 
sically “impossible” experiments—for ex- 
ample, the study of the kinetics of reac- 
tions at equilibrium and the tracing of 
a reaction mechanism by pinpointing the 
chemical route of a specific source atom 
or molecule. This has become one of the 
most powerful tools in the repertoire of 
the research chemist. 
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In general, these uses of tracers de- 
pend on the chemical and physical near- 
identity of the radioisotope to the natural 
element and on the unexcelled sensitivity 
by which radioisotopes can be detected 
and measured. It is in the latter category 
that recent advances in radiochemical in- 
strumentation have made possible new 
large-scale uses for radioisotopes. This is 
the field of low-level counting. 

The purpose of low-level counting is 
the detection and measurement of mini- 
mal quantities of radioisotopes in order 
to increase greatly the allowable dilution 
factors of tracer experiments. The in- 
creased dilution factors make possible 
the natural tracer experiments of radio- 
carbon dating and natural tritium stud- 
ies. In a similar way, large-scale indus- 
trial tracing for product labeling and 
geologic tracing are made feasible. Only 
by low-level counting can the attendant 
radiation exposure be fully minimized. 

In the development of low-level count- 
ing, the goals of instrumentation have 
been (i) to maximize the primary sensi- 
tivity of detection and (ii) to minimize 
the noise level of response to the back- 
ground radiation from cosmic rays and 
from naturally occurring radioisotopes. 
The latter goal has involved massive 
shielding, electronic cancellation of many 
of the cosmic-ray pulses, and sometimes 
energy discrimination. The detectors 
themselves .may be considered to belong 
in two classes, the gas-tube counters and 
the scintillation detectors. 


Low-Level Gas-Tube Counting 


The first major application of low- 
level counting was the work of W. F. 
Libby and coworkers (1). Their discov- 
ery of carbon-14 in nature and their es- 
tablishment of the important method of 
radiocarbon dating required the devel- 
opment of the first low-level counting 
instruments, which were capable of 
measuring down to a few disintegrations 
per minute of this weak beta emitter per 
gram of carbon. 

The necessary detection sensitivity 
was obtained by the use of the Libby 
screen-wall counter (/-—3), which is dis- 





cussed in a subsequent paragraph. The 
problem of the signal-to-noise ratio that 
resulted from the high background ac- 
tivity of this relatively large counter was 
solved by the use of massive shielding 
for gamma radiation plus electronic 
shielding for the mesons of the cosmic 
rays. These techniques of background 
reduction have been adopted in subse- 
quent developments in gas-tube low- 
level counting. 

The massive shielding usually con- 
sists of 8 inches of iron or steel. Almost 
as good results can be obtained with 4 
inches of iron plus 4 inches of lead. A 
shield entirely of lead, however, is un- 
satisfactory, because of contamination by 
natural radioactivities. Of the many pos- 
sible designs, one that we have found 
satisfactory is shown in Figs. 1 and 2 (4). 
Additional shielding is provided by an 
annular tank of mercury, as is shown in 
Fig. 2. Kulp and others have shown that 
placing mercury between the iron and 
the counter will further improve the 
background count by removing some of 
the contaminating radiation (5). 

The problem of radioactive contam- 
ination in low-level shielding materials 
needs further study. Although it appears 
that commercial aluminum contains 
more radium than some types of stain- 
less steel and that copper piping is less 
contaminated than most brass tubing, a 
general program for evaluating materials 
is important to an optimum design of a 
low-level counting assembly. An excel- 
lent start in this direction has been made 
by Grummitt and coworkers (6). An im- 
portant evaluation with large samples is 
contemplated by E. C. Anderson at Los 
Alamos. With the ever-increasing use of 
safe, low levels of radiotracers in manu- 
facturing and the presence of world-wide 
long-lived strontium-90 (7), it may be- 
come desirable to create a national stock- 
pile of appropriate shielding materials. 

In addition to massive shielding, it is 
necessary to use electronic shielding 
against certain components of the cosmic 
radiation. The mesons and some showers 
are detected in what has been called an 
“umbrella”—or, perhaps more appro- 
priately, a “raincoat”—of Geiger count- 
ers surrounding the sample counter. A 
group of these counters in “mass pro- 
duction” in our laboratory is shown in 
Fig. 3. A typical installation of some of 
these counters surrounding a large sam- 
ple counter inside the massive shield, 
but without the mercury shield, is illus- 
trated in Fig. 4. During operation, the 
counts detected by these Geiger counters 
are electronically subtracted by placing 
them in anticoincidence with the counts 





The author is on the staff of the department of 
chemistry at Purdue University, Lafayette, Ind. 
This article includes some material that was pre- 
sented by Dr. Johnston at the International Con- 
ference for Peaceful Uses of Atomic Energy, Ge- 
neva, in August 1955. 
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Fig. 1 (Left). Massive iron shield for low-level gas-tube counting. Fig. 2 (Right). Inside of massive shield showing the annular tank of 


the mercury shield. 


of the central sample counter. In this 
arrangement, the counters of the enve- 
lope can be operated in parallel from a 
single high-voltage supply. A number of 
satisfactory circuits are available for ac- 
complishing the anticoincidence opera- 
tion (8, 9). It is, of course, possible. to 
operate more than one sample counter 
under a common “raincoat.” Some ef- 
fects of massive shields and anticoinci- 
dence shielding are summarized in Table 
iB 

It is interesting that the separate anti- 
coincidence Geiger counters may be con- 
veniently replaced by a multiple-anode 
annular counter with a common count- 
ing gas (6, 10). It is preferable to mini- 
mize the dead volume and to allow in- 
dependent operation by separating each 
anode compartment by a fine grid of 
cathode wires rather than by using the 
vanes of Raeth (11). 

Screen-wall counter, The first type of 
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gas-tube counter to be discussed is the 
screen-wall counter (/, 3, 9). 

The sample, in solid form, is mounted 
on the inside surface of a cylinder that 
surrounds a Geiger tube. The “wall” or 
cathode of the Geiger tube is an open 
grid of wires; thus the usual absorption 
by a “window” is eliminated. The sensi- 
tive volume is extended to the surface 
of the sample by placing a suitable elec- 
tric field between the sample and the 
screen wall or grid-cathode of the Gei- 
ger tube. The effective geometry is es- 
sentially 50 percent, and the detection 
of beta rays leaving the sample is essen- 
tially 100 percent. 

With elemental carbon, 8 grams of 
sample, in which the thickness is equal 
to the maximum range of the beta radi- 
ation, is usually used. The self-absorp- 
tion losses are therefore high. On the 
other hand, the large size of the sample 
cylinder provides an unusually large 


sample area of 400 square centimeters. 
With the optimum sample of elemental 
carbon, the absolute efficiency is 5.4 per- 
cent for carbon-14 (1). 

Internal-gas counter. The second type 
of gas-tube counter that is important for 
low-level counting is the internal gas 
counter. In its simplest form, this 
counter consists of a Geiger tube with 
provision for placing the sample in gas- 
eous form inside the counter as part of 
the counting gas. The discovery and 
measurement of the distribution of trit- 
ium in nature were made with this in- 
strument (12). The simplicity of this 
counter and the associated electronics, 
its ease of operation, and its high effi- 
ciency, which approaches 100 percent, 
make this an attractive method, pro- 
vided that the sample can be readily in- 
corporated as part of the counting gas. 
Anderson and Levi (/3) have shown 
that for carbon-14 the greater sample ac- 
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Fig. 3 (Left). “Mass production” of Geiger counters for anticoincidence shielding. Fig. 4 (Right). Anticoincidence Geiger counters 
surrounding sample counter in massive shield. 
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commodation of the screen-wall counter 
approximately compensates for the 
greater efficiency of the internal-gas Gei- 
ger counter. For less energetic beta- 
emitting isotopes, such as tritium, the 
gas counter is more efficient; for more 
energetic beta-emitting isotopes, the 
screen-wall counter is preferred. This 
conclusion does not apply to high-pres- 
sure proportional gas counting. On the 
other hand, for small samples and for 
many routine measurements, the inter- 
nal-gas Geiger counter is preferred. 

In an effort to increase the sensitivity 
of measurement of natural radiocarbon, 
DeVries and Barendsen (/4), Suess 
(15), Crathorn (16), Fergusson (/7), 
and Williams and coworkers (/8) have 
developed the low-level, internal-gas 
proportional counter that uses acetylene 
or carbon dioxide at pressures above 1 
atmosphere. The increased pressure gives 
increased sensitivity. The proportional 
region allows further reduction of the 
background rate by pulse-height discrim- 
ination. The theory, design, and opera- 
tion of proportional counters have been 
covered extensively in the literature 
(19). 

Early efforts to use carbon dioxide as 
a counting gas were unsuccessful be- 
cause of electron attachment by electro- 
negative impurities. It is necessary, there- 
fore, to remove these impurities by a 
procedure such as that of Rafter (20) 
or DeVries and Barendsen (/4). The 
carbon dioxide is absorbed on calcium 
oxide at a temperature of 700° to 750°C 
and is reevolved at 800° to 900°C. It has 
been shown by Fergusson (1/7) and oth- 
ers that the electronegative impurities 
remain on the lime, The purity require- 
ments are very stringent. In order to 
keep the electron loss by attachment less 
than 1 percent, the concentration of ox- 
ygen must be less than 1 part in 10°, and 
the concentration of chlorine must be 
less than 1 part in 10%. These purity 
specifications and the relative complex- 
ity of the associated electronics make 
this beautiful method useful chiefly for 
such problems as radiocarbon dating of 
old samples. The absolute efficiency for 
carbon-14 is about 68 percent (/7). Al- 
though much higher efficiencies could 
be obtained, the increase in background 
rate would increase the statistical error 
of the net sample count. 

Foil counters. The third type of low- 
level gas-tube counter is the foil counter 
of Libby and coworkers (2/, 22). In its 
simplest form, this counter is a cylindri- 
cal, thin-walled Geiger flow counter. The 
wall is made of an aluminum-coated 
plastic film of Mylar, which is less than 
1 milligram per square centimeter in 
area density (23). Such a film will pass 
almost 75 percent of the beta radiation 
of carbon-14. Furthermore, the cylindri- 
cal shape provides a large surface area, 
in~ contrast to the usual commercial 
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Table 1. Effects of shielding and anticoincidence in the 
of gas-tube counters (after Anderson, 9; and Kulp, 5). 


reduction of the background rate 








Back- 
round P 
Shielding : rate Differ- Remarks on difference 
(count/ = 
min) 
None 450 
5 centimeters of lead 142 308 Cosmic radiation and laboratory 
20 centimeters (8 inches) contamination 
of iron 110 32 Contamination of the lead 
20 centimeters of iron plus 
anticoincidence 5 105 Mesons 
20 centimeters of iron plus 
anticoincidence plus 1 inch 
of mercury 2 3 Contamination in iron 








counter. In design, cylindrical end-pieces 
of plastic are fixed with respect to each 
other by thin brass rods. The rods and 
end-picces support the plastic foil wall, 
which is mounted with the aluminized 
surface inward as the cathode. The 
counter gas, which is maintained very 
slightly above atmospheric pressure, is 
usually a mixture of helium and 2 per- 
cent isobutane. This gas is commercially 
available as “Q” gas (24). A foil counter 
and sample holder made by A. G. 
Schrodt are shown in Fig. 5. 

When solids are to be counted with 
the foil counter, the sample is usually 
mounted on the inside of a split cylinder 
of plastic. The sample holder is in turn 
supported concentrically around the foil 
counter. It is not difficult to obtain about 
40-percent geometry. In mounting, the 
sample is slurried with a volatile liquid 
such as methanol or ether plus a small 
amount of agar in alcohol. Although the 
operation of spreading this slurry evenly 
onto the sample cylinder appears to be 
difficult, it actually can be done easily 
and routinely. The spreading is done 
with a glass rod and spatula, and the 
slurry is usually dried briefly with a hair 
dryer or heat lamp. In the absolute as- 
say or the precision counting of very 


Fig. 5. Foil counter and sample holders. 


small samples, it is more convenient to 
convert them to finite size by homoge- 
neous mixing with an inert material. 
Schrodt and Libby (22) have shown that 
talc, acid magnesium metasilicate, is an 
excellent material for routine use in this 
manner. Of course, care must be taken 
to avoid radioactive contaminants such 
as radium. In this regard, it is interest- 
ing to note that the plastic sample cyl- 
inders should be made from ancient car- 
bon compounds—for example, from 
petroleum. A cylinder containing oniy 
contemporary carbon would add about 
6 counts per minute to the background 
rate of a counter 1.5 inches in diameter 
and 10 inches in length (22). 

In counting volatile liquids with the 
foil counter, either refrigeration or a 
cover of rubber hydrochloride has to be 
used. If care is taken to check on frac- 
tionation effects, a liquid of low volatil- 
ity can be counted after it has been ab- 
sorbed in blotter paper, as a slurry in 
talc, or as the liquid in a shallow tray. 

In counting gases with the foil 


counter, several modifications may be 
used. If a small sample is required, a 
modification of the 4x counter may be 
used in which the sample is placed in 
one hemisphere, which is separated by 
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Fig. 6. The annular foil counter for gas samples. 


Mylar foil from the other hemisphere, 
which operates as a Geiger counter with 
“Q” gas. For larger samples and for 
greater sensitivity, a cylindrical. foil 
counter may be mounted inside a metal 
or glass jacket, as is shown in Fig. 6. The 
sample to be counted is introduced by 
flushing it into the annular space; al- 
ternatively, the annular space may be 
evacuated simultaneously with the coun- 
ter before filling. During these opera- 
tions, a simple mercury U-tube may be 
used to warn against a dangerous pres- 
sure differential. The relative simplicity 


of instrumentation and the lack of rigid 
purity specifications on the gas sample 
make this method desirable for many 
applications. 

An interesting proportional counter 
using the thin foil between sample and 
detector is the Sugarman counter (25, 
26). This device is a methane-flow pro- 
portional counter with a foil window. 
The precision design and the segregation 
of the counter gas give remarkably stable 
and reproducible operation. Plateaus 
are long, flat, and reproducible over 
years of operation; counts of a sample 





Fig. 7. A large area multiple-anode foil counter (“sandwich” counter). 
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taken on two counters agree within sta- 
tistics to 0.1 percent (27). For moder- 
ate-level counting and ordinary low-level 
counting of strong beta emitters, this 
counter is very useful. 

Recently the foil window was com- 
bined with a multiple anode-wire cath- 
ode flow counter to provide a flat coun- 
ter of active area of 400 square centi- 
meters (28). For many types of samples, 
this counter, which we call a “sand- 
wich” foil counter, - simplifies sample 
preparation and mounting and provides 
the increased sensitivity of detection 
that is needed for routine low-level 
counting. By accurate leveling of the 
large sample holder, liquid samples can 
be conveniently measured. In the case 
of a weak beta emitter such as carbon- 
14, it is easy to operate with an “infinite” 
thickness of liquid and, in many experi- 
ments, to avoid the chemical conver- 
sions frequently needed with an ordinary 
area detector. A “sandwich” foil coun- 
ter and sample tray is shown in Fig, 7. 

The various gas-tube counters de- 
scribed here are compared and sum- 
marized following a discussion of the 
low-level scintillation detectors. 


Low-Level Scintillation Counting 


In recent years, improvements in 
photomultiplier tubes (29) have made 
possible low-level counting with scin- 
tillation devices. In general, the advan- 
tages of scintillation detectors over gas- 
tube counters depend on the greater 
stopping power of a crystal for gamma 
rays and on the larger inherent sample- 
handling potential of liquid scintillators 
for beta radiation. The principles of the 
scintillation counter have been reviewed 
extensively (29, 30). The applications 
to low-level counting are discussed here 
in terms of the low-level sodium iodide 
scintillation spectrometer for gamma 
radiation and the multiple-channel 
liquid scintillation spectrometer for 
beta radiation. The single-channel liq- 
uid scintillator is mentioned briefly. 

In low-level gas-tube counting, the re- 
duction of the background rate was ac- 
complished by massive shielding and by 
anticoincidence meson shielding. In 
low-level scintillation counting, some 
massive shielding is also used. In addi- 
tion, pulse-height analysis by at least two 
discriminators electronically discards the 
meson counts and, in many applications, 
the background events of energy dif- 
ferent from the counted pulses. In view 
of the energy discrimination, less mas- 
sive shielding is required in many ap- 
plications. The most satisfactory shield- 
ing material is mercury (31, 32). 

Low-level scintillation spectrometer. 
For low-level gamma counting, an or- 
dinary sodium iodide scintillation spec- 
trometer is modified in two ways. First, 
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the crystal is surrounded with the mer- 
cury shield. Second, the electronic cir- 
cuits are designed for maximum stabil- 
ity. It should be possible to focus on a 
photopeak and remain there during at 
least 48 hours of counting. Particular at- 
tention must be given to the long-term 
stability of the high-voltage supply that 
operates the photomultiplier tube. For 
many measurements, this tube should 
have a low thermionic noise rate at room 
temperature. 

Several studies have been made using 
instruments of this type. Arnold’s dis- 
covery of beryllium-7 in nature (33) 
and his measurements of lutetium-176 
(34) and our tracer study with chrom- 
ium-51 (35) are examples, In the latter 
study, with only moderate attention to 
low-level detection, the counting rates 
were 20 times higher with the scintilla- 
tion spectrometer than with a Geiger 





Fig. 8. A low-level scintillation spectrom- 
eter. 
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Fig. 9. Mercury shield and sample holder 
of the low-level scintillation spectrometer. 
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Fig. 10. A simple dual-channel liquid scintillator. 


counter. Another study was made using 
iodine-131 for the measurement of a 
very slow reaction (36). This apparatus 
is shown in Figs. 8 and 9. The mercury 
shield is clearly visible; in Fig. 9, it con- 
tains a liquid sample. When a reason- 
able amount of this tracer was used, the 
limit of detection with the low-level 
scintillation spectrometer gave a theo- 
retical limit of greater than 10® years 
for measurable half-reaction. In this 
study, the counting rate of a liquid 
sample containing the iodine-131 was 
100 times greater in the scintillation 
spectrometer than it was in a Geiger 
counter of the same size and geometry 
as the sodium iodide crystal. Of course, 
the efficiency of detection will vary with 
the energy of the gamma radiation. At 
energies up to 200,000 electron volts, the 
efficiency of a 1-inch crystal is 100 per- 
cent; at 300,000 electron velts, it is about 
75 percent; and at 1 million electron 
volts, it is approximately 10 percent 
(37). Of course, an efficiency approach- 
ing 100 percent can be obtained with 
any reasonable energy by the use of a 
large enough crystal. 

Liquid scintillators. The development 
of low-level liquid scintillators was car- 
ricd out chiefly by Hayes and his collab- 
orators at Los Alamos (38, 39) and by 
Arnold at the University of Chicago 
(39, 40). In liquid scintillation count- 
ing, the sample is simply incorporated in 
solution with a liquid scintillator, This 
arrangement gives essentially 100 per- 
cent geometry and no self-absorption. 
Unfortunately, the decreased efficiency 
of liquid scintillators over solid scintil- 
lators and the desirability of detecting 
the lower energy pulses of beta spectra 
require the measurement of “equiva- 
lent electron” pulses or those pulses that 
result from single-electron emission from 
the photocathode of the photomultiplier 
tube. These pulses, however, are indis- 
tinguishable in size from the thermionic 
pulses of the tube. This problem is 
solved by the use of two photomultipliers 
looking at the solution. By placing the 
pulses from the two channels in coinci- 


dence, it is possible to accomplish a 
large discrimination against the sepa- 
rete random thermionic pulses of each 
tube. In addition, some cooling is re- 
quired, usually to a temperature of 
-—20°C. Such an arrangement essentially 
eliminates tube noise provided that fast 
electronic circuits are used (41). Our 
apparatus is shown in Fig. 10. 

Although the choice of the liquid- 
phosphor solution depends somewhat on 
the choice of the photomultiplier, an 
excellent solution consists of 2,5 diphen- 
yloxazole as the primary solute and 1,4 
di(5-phenyl-2-oxazolyl) benzene as the 
secondary solute or wave-length shifter 
in toluene. The sample to be counted is 
incorporated in this mixture and must 
not quench the scintillation. Although 
solutions can be prepared to count al- 
most any beta emitter, the cost of this 
instrument is not usually justified ex- 
cept for the measurement of weak beta 
emitters. Thus the counting of tritium 
and carbon-14 has received much atten- 
tion (26, 38-42). Tritium can be 
counted in the form of water added with 
alcohol to the afore-mentioned solution 
or, alternatively, by the procedure of 
Nir (43). Here the THO is mixed with 
fuming sulfuric acid (or SO,) and tol- 
uene. The tritium enters the toluene by 
exchange, and the latter is separated 
and used for the solvent of the scintilla- 
tion solution. With carbon-14, the choice 
of this method may depend on the chem- 
ical form of the sample. One of the 
advantages of the multiple-channel, liq- 
uid scintillator is the unlimited size of 
the sample that can be accommodated in 
principle. Thus Reines and-his collabora- 
tors at Los Alamos have constructed an 
instrument containing 300 liters of scin- 
tillation solution (44). In this counter, 
which was used in a search for direct 
evidence of a neutrino reaction, 90 pho- 
tomultipliers were used to detect the 
scintillation pulses, An even larger liq- 
uid scintillator assembly was used by 
this group in the recent observations of 
a neutrino-induced reaction. 

In regard to the sensitivity of the dual- 
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channel liquid scintillator, Arnold ob- 
tains an absolute efficiency for carbon-14 
of about 60 percent for a 30-milliliter 
solution containing approximately 50 
mole percent of carbon (45). The count- 
ing rate was 70 counts per minute 
against a background of 12 counts per 
minute. In the same instrument, the ef- 
ficiency for tritium was much less, ap- 
proaching 25 percent. 

An interesting technique developed 
by Hayes and others at Los Alamos for 
measuring solid samples is to suspend a 
fine precipitate in a liquid scintillator. 
Although surprisingly high efficiencies 
are obtained, the problem of decreasing 
counting rate with settling indicates a 
preference for the technique of Helf and 
White in which the suspension is stabil- 
ized by the formation of a gel (46). 

The possibility of using a single-chan- 
nel liquid scintillator for low-level count- 
ing has been examined by Pringle and 
coworkers with considerable success in 
radiocarbon dating (42). It is clear, 
however, that the photomultiplier tubes 
used were better in terms of lower ther- 
mionic noise than any ordinarily avail- 
able today. The widespread use of this 
method for carbon-14 must await the 
development of a better commercial 
photomultiplier tube. 

One interesting potential of both 
liquid and solid scintillation counting is 
the possibility of multiple tracers. For 
example, with a sodium iodide scintilla- 
tion spectrometer, the photopeaks of 
such tracers as chromium-51 and iron-59 
can be separated (47). With the liquid 
scintillator, tritium and carbon-14 can 
be counted simultaneously (26). 


Applications and Conclusions 


In choosing a low-level counting 
method for a specific job, a number of 
factors must be considered. Some of 
these are the type and energy of the 
radiation, the size of the samples that 
are available, and the degrec of sensitiv- 
ity required. In Table 2, the low-level 
instruments for beta counting are sum- 
marized according to these factors. Weak 
beta emitters are nuclides such as car- 


bon-14 and sulfur-35; strong beta emit- 
ters are phosphorus-32 and silver-111. 
Tritium is not included in Table 2. In 
tracer studies with tritium, the sug- 
gested method is the internal-gas coun- 
ter. In moderately low level counting of 
tritiated water, a convenient procedure 
is to count as acetylene gas (48). In ex- 
tremely low level counting, hydrogen is 
counted in a Geiger counter (/2). In 
special cases a dual-channel liquid scin- 
tillator can be used, or else the method 
of Bernstein and Ballantine can be modi- 
fied to include anticoincidence back- 
ground reduction (49). 

For counting a gamma emitter, the 
low-level scintillation spectrometer is 
used. In cases where the tracer emits 
both beta and gamma radiation, it is 
sometimes more convenient to measure 
the gamma radiation with this instru- 
ment, because of self-absorption of the 
beta radiation. 

The present-day commercial avail- 
ability of low-level counters is unsatisfac- 
tory, but it is steadily improving. Several 
companies are offering several of these 
instruments or their components. A 
complete gas-tube low-level counting as- 
sembly with provision for Geiger and 
proportional counting in our laboratory 
is shown in Fig. 11. A similar assembly 
will be offered soon by at least one man- 
ufacturer (32). 


Tracer Applications and 
Low-Level Counting 


Several reviews indicate the great di- 
versity of tracer applications (50). In 
research, the chief studies involve self- 
diffusion, reaction mechanisms, surface 
phenomena, isotope effects, kinetics, and 
isotopic-exchange reactions. In all of 
these applications, low-level counting is 
potentially valuable. In some cases, the 
increased sensitivity is important scien- 
tifically. In other cases, the total amount 
of radioactive material needed can be 
decreased. 

The use of industrial tracers for de- 
velopment and control is in an early 
stage of development. There are many 
direct applications of low-level counting 


Table 2. Low-level beta counting. 











Availa- Tow: Suggested counter 
bility 
a level 
sample counting Weak beta radiation* Strong beta radiation 
Small Moderate _ Foil Geiger counter Sugarman proportional counter 
Small Extreme Internal gas Geiger counter Libby screen-wall counter 
Large Moderate Foil Geiger counter Foil Geiger counter or Sugarman 
proportional counter 
Large Extreme Dual-channel liquid scin- Libby screen-wall counter or 


tillator or internal gas 
proportional counter 


multiple-channel liquid 
scintillator 





* For example, carbon-14 or sulfur-35 (not including tritium). 





Fig. 11. A complete low-level counting 
assembly. 


in the many uses of tracers for large- 
scale labeling of products and in the 
tracing of oil fields. A great variety of 
radioisotopes provides valuable methods 
for measuring flow rates, volumes, flow 
patterns, mixing rates, and chemical ar- 
rangements and for making identifica- 
tions. Recently some of these techniques 
were described for use in refinery con- 
trol (5/). Although some of these uses 
cannot tolerate the long counting times 
of extremely low Ievel counting, the 
principles of low-level counting are im- 
portant to all these applications. 

One of the obstacles to the large-scale 
industrial use of tracers is the problem 
of residual radioactivity in the final 
product. One solution to this problem is 
the use of tracers of short half-life. By 
extraction techniques, short-lived daugh- 
ter products can be conveniently ob- 
tained from long-lived parents. Thus, 
iodine-132 (half-life, 2.4 hours) can be 
“milked” from tellurium-132 (half-life, 
78 hours). Such procedures can be made 
automatic by the use of continuous ex- 
traction methods, Thus, in the control 
of flow patterns and mixing rates, one 
could use a steady-state injection of the 
short-lived tracer, 

Another solution to the problem of 
the residual radioactivity is the use of 
low levels of tracers. It is here that low- 
level counting is essential. A number of 
tracer studies using carbon-14 have 
counted the final samples as barium car- 
bonate by using an ordinary thin-window 
Geiger counter. Under these conditions, 
a sample of contemporary carbon would 
be expected to show the immeasurable 
counting rate of 0.006 count per minute 
against a background of 20 to 50 counts 
per minute, With low-level counting, the 


same natural carbon would measure 7— 


to 150 counts per minute against back- 
ground rates of 2 to 30 counts per min- 
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ute. In this example, low-level counting 
would make possible a factor of 10™¢ or 
better in the necessary residual radio- 
activity. 

One of the questions concerning the 
realization of the potential future of 
large-scale industrial tracers is the dan- 
ger of the residual-radioactivity to the 
consumer. The natural tracer experi- 
ments with tritium and carbon-14 indi- 
cate the answer, Consider the use of 
tritium as a tracer in the petroleum in- 
dustry—for example, in the tagging of 
oil for identification of leaks from un- 
derground storage. Even if a world out- 
put of 710° barrels of oil per year 
were tagged at a measurable level of 
10-6 curie per barrel, the steady-state 
increase in the world inventory of trit- 
ium would be less than 1 percent. Even 
the maximum transients in water would 
be less than 0.5 percent of the maximum 
permissible amount (52) of tritium in 
water. In the case of carbon-14, the en- 
tire world output of sugar could be reg- 
ularly tagged at the easily measurable 
level of 10711 curie per gram of carbon 
with a corresponding maximum increase 
of only 0.1 percent in the world inven- 
tory of radiocarbon. It is clear that with 
reasonable care and modern instrumenta- 
tion, safe large-scale tracer operations 
can be realized. 
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Measuring Human Motions 


Jay Goldman and Gerald Nadler 


Measuring the performance of people 
at various work activities has been an es- 
sential task in many fields, bot!. academic 
and industrial. Physiology, psychology, 
and physical education are some of the 
academic endeavors requiring a measure 
of output or performance of persons for 
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purposes of studying relationships to var- 
ious factors. For example, the physi- 
ologist wants to measure the direct result 
of some muscular activity that he may 
be studying, in order to correlate the two 
results. The psychologist in biomechanics 
wants to measure the output of a subject 
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when he is trying to design man-machine 
relationships. The physical educationist 
should be able to make a complete meas- 
urement of every part of a tennis or golf 
swing. 

Although industrial engineering is both 
an industrial function and an academic 
pursuit, most of the research problems 
stem in some way from problems in the 
industrial situation. A review of some of 
these problems will point out the essen- 
tial necessity for measuring operator per- 
formance in industry and how the lack 
of suitable measurements has Ied to the 
development of a device which should 
help all activities concerned with human 
performance. 





The authors are members of the pe of the de- 
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Background of Work Measurement 


In today’s highly competitive econ- 
omy, a progressive enterprise must at- 
tempt to perform its operating function 
in the most effective manner possible. 
Work-measurement techniques (of which 
time study is one) are among the most 
useful tools available to modern manage- 
ments. Work measurement establishes 
the standard time required to perform 
jobs. The success or failure of enterprises 
involving literally billions of dollars rests 
on bases that consist, to some major ex- 
tent, of these standard times. 

Both management and labor have a 
great stake in work-measurement tech- 
niques. Work measurement affects all 
types of people, presidents and workers, 
supervisors and union stewards. In this 
sense, the utilization of work measure- 
ment is dependent on human beings as 
well as on its projected technical appli- 
cation. If there are any inaccuracies or 
inconsistencies in the strictly technical 
sense, there is a large area for the devel- 
opment of friction between the parties 
(usually management) applying and 
using the techniques and the parties (usu- 
ally workers and unions) to which the 
techniques are applied. Such friction can 
be a major cause of costly strikes, for ex- 
ample, the recent Westinghouse situation. 

More labor-management cooperation 
can be expected as a natural result of 
management’s awareness of general prob- 
lems in human relations and, probably 
just as important, of the developments 
of technical research in the field of work 
measurement. More cooperation can be 
expected between any parties when the 
basis for their mutual understanding is 
broader. This is the purpose behind 
much work-measurement research. The 
lack of accurate work-measurement the- 
ories, information, and measuring de- 
vices on which to base many of the 
decisions needed in the labor-manage- 
ment area has caused much of the diffi- 
culty that exists between labor and man- 
agement. 

Management itself needs the time 
standard to form the base upon which 
many operating procedures are built. 
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Such procedures include balancing work 
(and production lines), determining 
equipment requirements and manpower 
requirements, planning production proc- 
esses and layouts, planning costs of new 
and revised products, controlling produc- 
tion, and controlling the costs of produc- 
tion. Of course, good wage-incentive pro- 
grams require good work measurement. 
This list can be expanded many times 
and is limited only by the imagination 
and ingenuity of the organization. 

Although some of these functions can 
be accomplished without work measure- 
ment, they are not usually performed as 
satisfactorily by other means alone as 
with the aid of these techniques, even 
though work measurement involves some 
errors. An end-result is only as valid as 
the base from which it is obtained. A 
high degree of accuracy is necessary for 
all work-measurement situations, but 
techniques should provide a way to make 
these measurements as accurate as pos- 
sible, and they should also provide a base 
reference point for the estimation of 
errors. _ 

Many factors affect the performance of 
a human being on the job, but the most 
important factors are centered in the 
human being himself. Putting aside other 
factors, it is readily apparent that it is 
now impossible to measure all the human 
causal factors affecting the performance 
of a person. The measurements, there- 
fore, are made of the effects of these 
causes. The speed of motion is one of 
these effects, and it is the one usually 
measured. To measure accurately speed 
of motion, the values of velocity, acceler- 
ation, deceleration, position, distance, 
and direction for all possible motions the 
body members can perform must be ob- 
tained. No measuring device has been 
available for making all these measure- 
ments. 

In designing a new device for making 
these measurements, certain new factors 
had to be considered. For example, the 
measurements must be three-dimen- 
sional; attachment to the body member 
must be small and light; devices must 
operate under all factory conditions; the 
range of velocities measured may be 
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Fig. 1. Block diagram for a single channel of UNOPAR. ~ 


small (0 to 10 feet per second), while the 
range of acceleration and deceleration 
may be large; and measurement systems 
must be designed to give immediate re- 
sults. 


Development of Work- 


Measurement Device 


After careful consideration of all pos- 
sible measuring techniques, we decided 
that the Doppler effect with sound as the 
radiation medium presented the fewest 
formidable obstacles for successful de- 
velopment of a work-measurement de- 
vice. The device designed is called a 
Universal Operator Performance An- 
alyzer (UNOPAR). Its operating fre- 
quency of 20,000 cycles per second is just 
above the threshold of hearing at normal 
levels of intensity. This frequency helped 
overcome the interference problem from 
other noises within the factory. The 
sound-emitting source must be attached 
to a body member, but eventually the 
size of this source will be no longer than 


a wrist watch, or even a ring on a finger. 


Three microphones, oriented in three 
planes with the’ directional axis of each 
perpendicular to the directional axis of 
the others measure motions in the three 
planes. Each microphone receives its 
component portion of the sound waves 
projected from the speaker on the body 
member moving toward or away from the 
microphone. This system provides a vari- 
able axis of reference, since the three 
planes can be rotated. This permits flexi- 
bility to circumvent obstacles to the path 
of transmission and to permit use of over- 
head space in industrial situations. 

Because of the Doppler effect, a trans- 
mitting source of sound that is in motion 
relative to a stationary receiver provides 
an apparent frequency of sound at the 
receiver that varies directly with the 
velocity of the source. Motion toward the 
stationary receiver will increase the fre: 
quency received, and motions away from 
the stationary receiver will decrease the 
frequency received. 

According to the Doppler effect, only 
one-plane motions toward or away from 
any receiver should be registered as true 
speaker motion. This presents a practical 
operating problem, for the receiver is 
a fixed point of reference, and the 
speaker is a variable one. When the 
speaker is moving in a path perpendic- 
ular to the microphone, the direct dis- 
tance between the speaker and the micro- 
phone varies. The greater the variability 
of this distance, the greater the error. 
For practical application, the motion of 
the speaker is assumed to be confined 
within a l-yard cube, and the micro- 
phones are placed 10 feet away from the 
center of this cube, so that the maximum 
possible error will not exceed 1 percent 
of the true motion. 
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Operating Procedure 


The basic operating procedure of 
UNOPAR begins with the generation of 
the operating frequency of 20,000 cycles 
per second. As is indicated in the block 
diagram (Fig. 1), this 20-kilocycle signal 
is sent to a power amplifier and then to 
the speaker. Most of the limited research 
work performed to date has been done 
by moving a speaker rather than by 
attaching a speaker to a moving body 
member. Soon the latter procedure will 
be used. If more than one body member 
is involved in an operation, different fre- 
quency signals could be used to differen- 
tiate the different members involved. At 
present, a relatively small electrostatic 
speaker is bing used, but a smaller 
speaker should be available soon. 

The perpendicular factors of the fre- 
quency changes causcd by the motion of 
the speaker are picked up by the three 
microphones. The block diagram (Fig. 
1) shows only one microphone and its 
corresponding circuit; the same circuitry 
would be used for the other two micro- 
phones. When the speaker is in motion, 
the frequency of the sound received at 
the microphone will be 20 kilocycles per 
second plus or minus the Doppler differ- 
ence. Since the voltage level of this re- 
ceived signal is quite low (15. micro- 
volts), it is sent through a preamplifier 
composed of five tuned amplifier stages. 
The 20-kilocycle signal, plus or minus 
Doppler-difference frequency, is mixed 
with a 21-kilocycle reference signal (gen- 
erated by a crystal-controlled oscillator). 
A 1-kilocycle signal, plus or minus the 
Doppler-difference frequency, is ob- 
tained. This is a usable signal for con- 
version to voltage. It is sent through a 
tuned amplifier stage to increase the volt- 
age and then to the converter. 

In the converter, the sine wave is first 
changed to a square wave. This is done 
so that the signal which drives the thyra- 
tron (2D21) is independent of the am- 
plitude of the incoming signal. In addi- 
tion, the thyratron must be driven by a 
signal of high amplitude and short time 
duration. This can be obtained by differ- 
entiating the square wave, but it cannot 
be obtained directly from the sine wave. 
These pips are sent into the thyratron 
whose circuit is arranged so that its d-c 
voltage output is directly proportional to 
the frequency of the input. Since some of 
the input pulses remain on the output 
voltage, the signal is sent through a x 
section filter. This d-c voltage is directly 
proportional to the velocity of the 
speaker, (The d-c output voltage is pro- 
portional to the input frequency, and the 
input frequency is proportional to the 
velocity of the speaker through the Dop- 
pler-effect relationship. ) 

The d-c voltage is sent to a d-c ampli- 
fier to increase the voltage and then to 
the velocity recorder. The amplified d-c 
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Fig. 2. Test 
UNOPAR reliability of measurement for 
one-plane motions. 


setup for determining 


voltage is also sent to an electronic differ- 
entiator, whose output voltage is propor- 
tional to the acceleration and decelera- 
tion of the speaker. This signal is sent 
to the acceleration-deceleraticn recorder. 
The amplified “velocity” voltage is also 
sent to an electronic integrator whose 
output voltage is proportional to the dis- 
placement of the speaker. This signal is 
sent to the displacement recorder. 

Direction of the motion is determined 
from the voltage variations above or 
below the voltage output of the 1-kilo- 
cycle signal input. A voltage larger than 
this indicates a motion toward the micro- 
phone, and a smaller voltage indicates 
motion away from the microphone. 

For any motion, three records of veloc- 
ity, three of acceleration-deceleration, 
and three of displacement are obtained. 
The three records for a given measure- 
ment unit are combined into the absolute 
total by electronic vector summation. 
The calibration circuitry is designed to 
generate sine-wave signals of the proper 
frequency to check the velocity and ac- 
celeration maximum displacement val- 
ues. 

A 12-channel d-c oscillographic re- 
corder is used to plot each one of the 
individual factors and the resultant com- 
ponents of velocity, acceleration-decel- 
eration, and displacement. The recorder 
is capable of plotting information at a 





START OF MOTION 


constant maximum speed of 125 milli- 
meters per second (5 inches per second), 
thus providing an accurate timing record 
for every motion. 

The present electronic equipment and 
recorders are fairly large. Development 
of the equipment indicates that there will 
be a sizable reduction in the amount, 
size, and weight of the necessary com- 
ponents. 


Accuracy 


Tests for reliability of measurement 
were made for one-plane motions (there 
is no criterion for three plane motions) 
with an accclerometer as the criterion 
source. The test sctup is shown in Fig. 2. 
Chi-square and correlation were used to 
check the size and shape of UNOPAR, 
criterion velocity, and acceleration-decel- 
eration plots. Chi-square probabil‘ties of 
0.99 and above and correlations of 0.99 
and above were obtained, indicating ex- 
cellent fits for the curves. Additional veri- 
fications were made with the standard 
deviation for percentage of error from 
the accelerometer plot for the maximum 
(peak) velocity, maximum acceleration- 
deceleration, and time for a series .of 
motions. For velocity, the standard de- 
viation was 1.08 percent; for accelera- 
tion-deceleration, 2.17 percent; for time 
from velocity, 1.06 percent; and for time 
from acceleration, 2.79 percent. These 
results indicate excellent measurements 
(there is some evidence that part of the 
errors obtained were due to the acceler- 
ometers, not to UNOPAR). 

An indication of the type of informa- 
tion available through the use of 
UNOPAR is shown in Fig. 3. The motion 
was performed on the test set-up of Fig. 
2, and the motion was stopped by the sup- 
port at the end of the motion. The veloc- 
ity plot in Fig. 3 shows the direct re- 
sponse of the device to a motion of this 
type. 


Uses 


‘ 


Many work-measurement benefits can 
be found in the application of UNOPAR 
to problems of studying operator per- 
formance. Information about every mo- 
tion will help establish the concept of a 
standard or normal level of performance. 


Fig. 3. Drawing of a tape that recorded the motion of the test speaker in one plane. The 
speaker was at rest at the left. As the speaker started to move, the velocity charted in- 
creased rapidly. There was a very slight slowdown of velocity until the speaker hit the 
barrier. At this point the velocity dropped immediately, and the slight rebounds of the 
hands and speaker are indicated by the wavy motions after the drop. The motion was 
recorded on the tape running at the fastest speed. 


809 





Much work must be done to combine all 
these measurements into an over-all con- 
cept of operator performance. However, 
through experimentation and research, 
this problem may be solved in the near 
future, for UNOPAR now makes meas- 
urements that could not even be roughly 
approximated in the past. 

Other problems dealing with work, or 
with what a human being does, may be 
solved with the aid of UNOPAR. A brief 
review of some possibilities will show the 
widespread adaptability of the measure- 
ments, [For a complete discussion of all 
aspects of the UNOPAR and its poten- 
tial uses, see G. Nadler, Motion and 
Time Study (McGraw-Hill, New York, 
1955), pp. 417-428.] The instrument 
may not be capable of summarily solving 
all problems outlined in subsequent para- 
graphs, but at least much light may be 
shed on these problems. 

Let it be assumed that a time standard 
is established for a definite method and 
that it is essential to accurately describe 
the method. Many disputes arise today 
because of the use of qualitative methods 
of description. It is difficult to determine 
when a change in time standards is fair 
if there are no ways of computing values 
of percentage variations of methods. 
Quantitative measurements from UNO- 
PAR may help to establish a procedure 
for detecting changes in method. 

If the permanent record of displace- 
ment and position gives new information 
about motions, motion patterns, and mo- 
tion paths, better decisions can be made 
about the correct motions for an oper- 
ation as well as about the correct se- 
quence of these motions. 


Frequently, two operators, using what 
is considered to be the same method, 
differ considerably in performance. An 
accurate measurement of their motions 
may disclose subtle differences in per- 
formance that are not readily observable. 
With the information about individuals 
and individual differences obtained by 
using UNOPAR, it may be possible to 
train poor operators to improve their 
performances. 

Time units on the UNOPAR records 
are as small as 0.000133 minute, meas- 
ured on a recorder tape moving at a speed 
of 125 millimeters per second at 1-milli- 
meter intervals. Even smaller time units 
can be obtained. When this level of ac- 
curacy is not needed, a slower speed can 
be used. Measurement of the elapsed 
time required to complete a motion or 
an operation is a great deal more accu- 
rate than usual timing procedures, espe- 
cially since full actual motions are re- 
corded, not just end-points determined 
through an individual’s reaction time and 
other errors. 

The difficulty of an operation affects 
the pace of an operator. Because diffi- 
culty and pace are __ interrelated, 
UNOPAR can help obtain accurate in- 
formation about difficulty. 

There are many standard data systems 
(compilation of past standard time in- 
formation for application purposes with- 
out direct study) in use today. There is 
some contri versy about the validity of 
these systems. Because times for motions 
or groups of motions form the bases for 
these systems, UNOPAR can check into 
their assumptions. 

Even if there were no other advantages 


Phase Microscopy 1954-56 


Phase microscopy has become a recog- 
nized standard method. Few publications 
now refer to it in the title, and a com- 
plete listing of papers is no longer pos- 
sible. Some of the uses of phase micros- 
copy in the first 2 years of the second 
decade since we demonstrated the first 
American instrument (7) are summa- 
rized here as well as a few papers missed 
in the preview review (2). Details on the 
function and use of the instrument in 
various fields are available (2, 3). 
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General, Theory, and Instruments 


While the previous review was in press, 
Wilska (4) described the new Reichert 
Anoptral phase microscope, which is 
unique in using a less reflecting material 
than evaporated metal for the diffraction 
plate. Bright contrast is used so that dif- 
ferences in the refractive power of the 
specimen are better revealed (5). The 
outside diameter of the diffraction plate 
is made larger for increased resolution. 


to be gated through the use of 
UNOPAR, one of the most readily ap- 
parent is that exact information about 
each and every motion of each cycle is re- 
corded, whereas other procedures of mo- 
tion and time study or work simplification 
and measurement obtain only over-all 
information. The ability to provide spe- 
cific information is a basic requirement 
for any good measurement procedure. 

However, the use of UNOPAR will 
not be restricted to industrial engineer- 
ing alone. As is pointed out in a fore- 
going section, measurement of human 
performance is needed in other areas, 
such as psychology, physiology, sociology, 
biomechanics, education, and physical 
education. Within the near future, 
UNOPAR should help solve many of the 
problems in each of these areas by pro- 
viding accurate information about mo- 
tions and performance. 

With this objective information, man- 
agement and labor should benefit 
through more accurate information for 
all the areas in which time standards 
are important. 

' Jt is important to warn that UNOPAR 
has not been fully developed and that, 
when it is, it may not be capable of every- 
thing expected of it. However, it repre- 
sents such a radical change in the con- 
cept of measurement of human perform- 
ance that we think it can be expected to 
revolutionize many aspects of industrial 
engineering. We believe that the informa- 
tion available from UNOPAR is so much 
more accurate than that available from 
other procedures or techniques that much 
more can be learned about the perform- 
ance of a human being than ever before. 


The image is slightly yellowish, less 
harsh, has less glare, and photographs 
well, as is shown in the varied photo- 
micrographs of Schiiller (6). 

A bibliography has been published by 
the firm of Winkel (7), Fréhlich has 
summarized some German and Swiss 
work (8), and information on the theory 
and use of phase is included in the sym- 
posium reported by Frangon (9). Gen- 
eral discussions in Dutch have appeared 
by Bok (/0) and Bogaerdti (77). Czerny 
(12) expresses amazement that phase 
was not discovered between Abbe and 
Zernike, apparently unaware of the work 
of Bratucheck and of Conrady and 
Rheinberg (13). Zernike (14) tells how 
he discovered phase about 1930, and 
some general and medical applications 
are mentioned by Crossmon (15). 

Wolter (16) summarizes much of his 
work and relates phase to schlieren and 
other methods, and Barer (/7) summa- 
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rizes his vector theory of phase micros- 
copy along with some useful: historical 
information. The intensity distribution of 
the light in the image of a rectangular ob- 
ject for commercial phase microscopes is 
calculated by Schmidt (/8), and optimal 
values of retardation and size of annulus 
are deduced and confirmed by experi- 
mental measurements. A wedge-shaped 
collodion test object is proposed by 
Menzel (19) for phase contrast. Precision 
absolute phase measurements are re- 
ported by Fleischmann and Wegener 
(20). Kahn (2/) derives conditions from 
Maxwell’s equations which indicate that 
no restriction need be placed on the 
shape of the object to be examined. Im- 
proved phase and interference micros- 
copy are discussed by Wolter (22), who 
uses polarization methods to measure 
phase and amplitude changes. Thus, a 
quantitative phase microscopy may be- 
come possible. Raintsch has tested two 
methods for obtaining maximal phase 
contrast and, after comparing amplitude 
and phase effects, concludes that vari- 
able amplitude and a 90° phase shift 
would give best contrast in a variable 
phase microscope (23). 

The Zeiss-Winkel phase accessories are 
described by Fliigge (24), and Kawiak 
(25) describes Zeiss equipment in Polish. 
Matthews (26) uses a_ hollow-cone 
method for illuminating the phase plate, 
which can be changed to darkfield illumi- 
nation. 

The patent literature has increased 
considerably. Bennett (27) has a patent 
on a method for variable phase micros- 
copy. Frangon et al. (28) have included 
phase in a catoptric system. Heine (29) 
obtains colored phase contrast by using 
colors in the conjugate and complimen- 
tary areas, and L. Leitz (30) by means of 
a tricolor filter ahead of a darkfield con- 
denser and the use of a tapered diffrac- 
tion plate. Kavanagh (3/) patented a 
method using separate paths for the devi- 
ated and undeviated light as means for 
varying the phase contrast. E. Leitz G. 
m. b. If, (32) have a patent for polarized 
light in a phase vertical illuminator, and 
Locquin (33) has one for variable phase 
together with color phase contrast. The 
variation in the color of the light is ac- 
complished by tilting an interference 
filter. Menzies (34) has a phase system 
using alternate sectors of opaque and 
transparent material. Variable phase 
patents include a wedge system of Oster- 
berg (35) and Bennett and Kavanagh’s 
system combining an iris, patch stop, and 
an auxiliary lens (36). 

A compact photomicrographic appa- 
ratus with electronic flash illumination 
is described by Jarrett (37) for phase pic- 
tures of moving specimens. Wied (38) 
combines a Micro Ibso attachment with 
a Linhof Technica camera having a Pola- 
roid back in order to obtain rapidly fin- 
ished pictures with the phase microscope. 
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A flexible motion picture installation with 
electronic timing is described by Robi- 
neaux (39). 


Phase Combined with 


Other Methods of Microscopy 


The increasing tendency to use several 
methods of microscopy on appropriate 
problems is further noted. Some exam- 
ples are cited here, and others mentioned 
under their appropriate topics. Wolter 
discusses phase and interference micros- 
copy (40). 

Locquin (4/7) appears to be the first 
to use phase methods in an electron 
microscope; he achieves the equivalent of 
a B- phase plate that reveals contrast 
with changes of specimen thickness. 
Combinations of phase and electron mi- 
croscopy are used by Becher and Hoegen 
(42) to examine the action of hyaluroni- 
dase on individual cells. Borysko and 
Sapranauskas (43) combine the meth- 
ods for the study of tissue cultures 
with time-lapse cinephotomicrographic 
checks. Penicillium is examined with 
phase and electron microscopes by Bring- 
mann (44). De et al. (45) use both 
microscopes to study the nuclear appara- 
tus of Escherichia coli. Movements of the 
centrosome are followed, as well as the 
change in contrast of the parts of the 
cells, Electron and phase instruments are 
used by Odor (46) to examine rat me- 
sothelium, by Weinreb and Harman (47) 
for mitochondria, by Man’i (48) to inves- 
tigate hemolysis, by Hodge (49) on dip- 
teran flight muscles, by De Marsh and 
Kautz (50) on sternal biopsy cells, and 
by Hartroft (5/7) on renal juxtaglomeru- 
lar cells. A new type of contrast, called 
interchromatic contrast by Locquin (52), 
is obtained with the electron microscope 
and is partly phase and partly new. 

Phase and fluorescence microscopy are 
combincd in a thorough study of the de- 
veloping tooth by Hals (53). Mellors 
et al. (54) use fluorescence microscopy 
to locate antibodies in tissues and phase 
for detailed study. Phase microscopy is 
used by Krueger (55) to orient cellular 
material for ultraviolet absorption studies 
of salivary gland chromosomes. 


General Methods 


Phase microscopy is reported to be 
useful in the study of thick (30 to 80 
microns) sections of injection prepara- 
tions (Kleiss, 56). Spodograms reveal 
more detail with phase than they do with 
ordinary microscopy, according to God- 
lewski (57). Haselmann et al. (58) de- 
scribe a stage for holding a mouse for 
studies of secretion in the viscera and 
pancreas. 

A microculture cell for growing bac- 
teria has been devised by Devignat (59) 


and a perfusion chamber by Schwébel 
(60), both for use with the phase micro- 
scope. 

Lowenthal (6/) reports that television 
phase microscopy gives added contrast 
and is useful for the examination of liv- 
ing Icucocytes, and Iinselmann (62) uses 
television phase culposcopy. 

Barer and Joseph (63) provide details 
on the theory and use of phase micro- 
refractometry for measuring the refrac- 
tive index of componcnts of living cells. 
They match the index against a standard 
serum albumen solution, either directly, 
or by proportions of cells in a population 
showing the reversal in contrast. Dry and 
wet weights may be calculated from the 
index data, and when they are used with 
the interference microscope, some inter- 
checking is possible. Ingelstam (64) ap- 
plies and extends this new branch of 
phase microscopy. Gelatin is recom- 
mended as a reference mounting medium 
by Miiller (65), for 8- to 80-percent solu- 
tions have refractive indices from 1.350 
to 1.421. 

The change of appearance of a detail 
from bright to dark contrast as the re- 
fractive index of the surround is greater 
or less than the detail (3) provides in- 
formation on the uniformity of materials 
and the purity of isolates (55, 66). 

Mounting media that may be useful in 
phase microscopy are Ferrari’s (67) cu- 
marone-indene resin (n, 1,650); Flem- 
ing’s (68) improved Naphthrax; Sal- 
mon’s (69) polyvinyl mixture (n, 1.399); 
Spurr’s (70) polyvinyl alcohol-cadmium 
mixture (n, 1.467 to 1.6); and cellulose- 
caprate (n, 1.487), which sets rapidly, 
according to Lillie and Henson (7/). 
Meyrowitz (72) has classified media of 
1.74 and higher indices. 


Motion Pictures 


Phase cinephotomicrographs are re- 
ported by Pulvertaft (73) for medical ap- 
plications; by Barski et al. (74) on cellu- 
lar lesions produced by polio virus in 
vitro; by Gey et al. (75) on the plasma 
gell layer on normal and cancer cells; by 
Harman (76) on contracting skeletal mus- 
cle fibers; by Nakai (77) on tissue cultures 
of dorsal root ganglia; by Taylor and 
Gerstner (78) on the injurious effects of 
freezing tissuc-culture cells; by Bessis 
(79) on immunohematology; by Pomerat 
et al. (80) on cell dynamics; by Pomerat 
and Lefeber (8/) on the HeLa cell; by 
Blandau et al. (82) on movements of 
polymorphonuclear blood cells; and by 
Kramis and Hoyer (83) on changes in 
kidney cells from virus infection. 


Microorganisms 


Mason and Powelson (84) discovered 
more detail within bacteria immersed in 








20- to 35-percent gelatin and propose 
this as a new technique (see also 3, 55, 
63-66), and Miiller (65) uses gelatin 
mounting medium for yeast. Phase mi- 
croscopy gives more information and 
better diagnosis on stained flagellae than 
other methods, according to Burcik and 
Plankenhorn (85). Phase is used by 
Harold and Stanier (86) in the study of 
Leucothrix and Thiothrix. Beakley and 
Williams (87) describe spore formation 
in Bacillus subtilis and Bacillus mycoides 
and Keigler and Smith (88) found more 
detail with phase in the spores of Bacillus 
cereus after enzyme cytolysis. Pleomor- 
phism of pleuropneumonia bacteria is 
investigated by von Prittwitz and Gaffron 
(89). Schnauder (90) describes the L- 
phase changes of Salmonella on liquid 
and semisolid media, and Bartman and 
Hépken (9/) give similar information 
for pneumonia organisms after release 
by penicillin (92). 

Phase microscopy is used by Ito (93) 
in the analysis of the life-history of Bacil- 
lus aneurinolyticus, a thiamine-decom- 
posing bacterium isolated from human 
feces. Poetschke et al. (94) use phase 
microscopy to examine stained tubercu- 
losis bacteria, and von Karger (95) 
found phase microscopy and Ziehl-Neel- 
sen staining both less efficient than fluo- 
rescence microscopy for locating tuber- 
culosis bacteria, Electron and phase mi- 
croscopy are used by Gupta and Viswana- 
than (96) to elucidate the effects of 
chemicals on tubercle bacilli, Cortelyou 
et al. (97) describe the degenerative 
changes in the nuclei of Escherichia coli 
damaged by ultraviolet radiation. 

Phase microscopy is used by Herzberg 
and Bommer (98) and by Stoeckenius 
(99) for the examination of vaccinia 
virus. Differentiation of virus inclusion 
bodies in insects described by Vago (100) 
is useful in diagnosis. 

The nucleus of the polyploid yeast cell 
is examined by Mundkur (/01) with 
phase and ultraviolet microscopy using 
frozen-dried material (see also 65). 
Moeschlin et al. (102) suggest that the 
plasma cells form the specific antibodies 


rather than the lymphocytes (see also 
54). 


Mites and Eels 


Baker and Wharton’s (103) mono- 
graph on the Acarina shows the phase 
microscope to be helpful in the study of 
mites. Using the phase microscope, Luft 
(104) finds an array of perpendicular 
rodlets resembling a brush border at the 
anterior and posterior surfaces of the 
electroplax of the electric eel. 


Cytological Techniques 


The phase microscope is used by 
Bloom et al. (105) and by Haselmann 
(106) in the evaluation of freeze-drying 
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as a preparation method. Less structur- 
ally damaging changes seem to accom- 
pany this method than other methods of 
cell and tissue fixation. Motion pictures 
are used by Haselmann (/07) for the 
study of fixation changes. Borysko (108) 
reports on the gross changes that occur 
in the preparation of cells for thin sec- 
tioning and methacrylate. 

Mitochondria are examined by Har- 
man (109), Kaltenbach and Harman 
(110), Bierling (1/11), and Elster and 
Hoppe (1/2). The Royal Microscopical 
Society published a symposium on the 
Golgi apparatus (1/3); although evi- 
dence from phase microscopy was help- 
ful, the Golgi question remains unsolved. 
Sorokin (//4) reports on filaments 
formed in the cytoplasm of lettuce epi- 
dermal cells under anaerobic conditions. 
Haselmann (//5) continues on the anal- 
ysis of collagen and de Brux and de 
Boistesselin (1/6) tell of the action of 
hormones on the collagen fibers. Palay 
and Palade (117) describe the organiza- 
tion of Nissl bodies and the fine structure 
of neurons, and Kotilainen and Wilska 
(118), on examining sciatic nerves with 
Anoptral phase contrast, cast some doubts 
on the reality of the nodes of Ranvier as 
they can be formed by manipulation. 
Nissl substance of chick embryo spinal 
ganglia is studied with phase and ultra- 
violet photography by Deitch and Mur- 
ray (119). 

As the means for disrupting cells for 
the isolation of parts improve, the phase 
microscope is used more often for check- 
ing the procedures—for example, Denues 
(120) uses phase to assess cell destruc- 
tion in the isolation of chromosomes, and 
Mawson and Fischer (/2]) examined 
semen for aspermia before chemical anal- 
ysis. When some of a_ homogenate 
preparation is put into 30-percent plasma 
albumin, according to Barer et al. (122), 
it is possible to distinguish living cells 
from nuclei because of the lower refrac- 
tive index of cytoplasm, which may be 
present either with cell preparations or 
small lymphocytes. Brown (1/23) differ- 
entiates thymus nuclear fractions with 
phase microscopy, using an alkaline 
0.25M sucrose solution and serum al- 
bumin. 


General Histology 


Phase microscopy in histology is re- 
ported by Linz (1/24) on the surface 
epithelium of liver; by Vago (1/25) on 
the structure of the guinea pig organ 
of Corti; by Pagani (126) and by Gar- 
zino (127) on fibers in the lens of the eye; 
by Bandmann and Kipfer (/28) on 
nerve fibers; by Weddell e¢ al. (129) on 
mammalian skin nerve endings; and by 
Batchelor and Pate (130) on the forma- 
tion of elastic tissue in grafted aortic 
segments, Garzino (/27) finds the phase 
microscope a useful link between obser- 





vation with the biomicroscope and his- 
tology, since artifacts, owing to fixing 
and staining, are avoided. 


Blood and Hematology 


Franke’s (131) well-illustrated little 
book includes brief descriptions and 
phase photomicrographs of many blood 
cells. Leukocyte locomotion is investi- 
gated by Kosenow (/32) and leukocyte 
phagocytosis of Streptococcus pyogenes 
by Daglia (133). Bessis (134) is relating 
the structure of living blood cells seen 
with phase with that secn in the electron 
microscope. Ile reports that phase mi- 
croscopy reveals detail better than stained 
preparations and that it aids in differ- 
entiating between monocytic leukemia 
and some monoblastic, or lymphocytic 
leukemias. Jeschal (/35) finds little dif- 
ference between leukemic cells and nor- 
mal lymphocytes. The diagnostic differ- 
ences seen with phase between atypical 
myeloblasts and lymphoblasts are de- 
scribed by Brausil (136), who believes 
also that the phase microscope shows 
details in living cells that cannot always 
be identified in fixed smears. Phase mi- 
croscopy has advantages for blood count- 
ing in dermatology, according to Merk- 
len and Cottenot (137). Ahlhorn (138) 
reports. that phase is more precise than 
Fenio’s dilution method for thrombo- 
cytes. Siering (139) uses phase for count- 
ing reticulocytes, and Berman et al. 
(140) use it for platelet counting in the 
hamster. 

Unstained and supervitally stained liv- 
ing blood and bone marrow cells are de- 
scribed as seen with the phase micro- 
scope by Ackerman and Bellios (/4/). 
The affects of adrenalin and acetylcho- 
line are examined on living leukocytes 
by Seitz (142). Although anti-Rh serum 
produces little specific hemolysis, it can 
be detected with the phase microscope, 
according to Ballowitz and Ballowitz 
(143). Klausewitz (144) reports cyto- 
diagnostic studies of amphibian living 
blood and lymph cells, and Altman and 
Grundmann (/45) describe nuclear 
structure of human leucocytes. P-amino 
salicylic acid cytochemistry of erythro- 
blasts concerns Astaldi et al. (146), and 
Czerski and Pawelski (/47) find that 
megaloblasts in Addisonian anemia show 
an increase in the chondrion neutral 
red vacuoles and sudanophilic bodies 
compared to normal erythroblasts. Man’i 
(148) examines hemolysis in a special 
chamber with a collodion membrane 
to separate the blood cells from a flowing 
dialyzing medium. 


Embryology 


The phase microscope, according to 
Dan (148), shows a filament produced 
by the acrosome of the starfish sperma- 
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tozoon, which forms the fertilization cone 
when in contact with the egg jelly. Cyto- 
plasmic inclusions in spermatocytes and 
neurons of Helix are studied by Roque 
(149) with phase and interference micro- 
scopes. Oettlé (150) observes morpho- 
logic changes in human spermatozoa 
after ejaculation, and Shettles (/5/) re- 
ports that the fallopian tube mucosa 
secretes an enzyme that is believed to 
facilitate fertilization by denuding the 
human ovum. The form and migration 
of embryonic pigment cells in a special 
flat tissue culture cell are observed by 


Algard (152). 


Medical Applications 


General summaries of the advantages 
in phase microscopy in medicine include: 
Fritze and Strufe (1/53), Poetschke 
(154), Zinser (155) and Froéhlich (156). 
Yamaguchi (157) recommends the phase 
microscope for the examination of the 
cutting edges of scalpels. Suchowsky 
(158) states advantages of phase in the 
study of diabetes and kidney pathology. 
Bommer (159) uses phase to find Tri- 
chromonas vaganalis, and Silva-Insunza 
and Coutts (160) use it to find trypano- 
somes. Damage to mouse spleen from 
radiation is shown by Scherer and Wich- 
mann (/61). Hofmann (162) finds phase 
helpful in the histological evaluation of 
ascites cells with respect to cysteine pro- 
tection against radiation. 

Phase microscopy is becoming popular 
for the diagnosis of fresh, exfoliated vag- 
inal cells. Maggipinto and Milani (/63) 
can identify and classify the cells by 
phase as well as with the Papanicolaou 
staining. The acidophilic index is lost, 
but there is a gain in the morphologic 
detail seen. Runge et al. (164) use phase 
in the polyclinic, and Wied (165) urges 
that gynecologists look at fresh material 
immediately to determine the normals 
and send only the doubtful and abnormal 
preparations to the laboratory. 

The general application of the phase 
microscope to the study of tumors is 
summarized by Albertini (166). His Ty- 
rofusine AK method allows the study of 
fresh material and facilitates distinguish- 
ing between normal and tumor cells. 
Phase microscopy is also favored in tumor 
diagnosis in Albertini’s (767) monograph. 
Bright-contrast phase is used by Gey et al. 
(168) in the study of normal and malig- 
nant cell tissue cultures. Hirsch and 
Hager (169) report that placing frozen 
sections of brain tissue in methylglycol 
provides suitable contrast so that brain 
tumors can easily be found with the phase 
microscope. Central nervous system tu- 
mors may be examined and graded dur- 
ing an operation on the brain as an aid to 
proper operative procedure (Calvo, 170). 
Riegel (171) believes that the phase mi- 
croscope is the optimal method for the 
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diagnosis of bronchial carcinomas and 
provides a list of some 20 diagnostic cri- 
teria. Sternal marrow puctures may re- 


_veal tumors when they are examined with 


the phase microscope (Jeschal, 172). 


Industrial 


The use of the phase microscope in 
metallography and in mineralogy is sum- 
marized by Mitsche (173), and Beyer 
(174) discusses vertical phase illumina- 
tion of metal surfaces. Mott (175) ob- 
serves lightly etched, single crystal cleav- 
age faces of multiphase alloys. A phase 
telescope with a slit diffraction plate is 
used by Saunders and Smith (176) in 
the examination of flames. Claver and 
Merz (177) report the examination of 
styrene-rubber polyblends with phase, 
and Wigman et al. (178) have prepared 
standard photomicrographs of starch 
granules with the aid of high contrast, 
bright and dark-contrast phase objec- 
tives. 
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Design Study of a 


Megacurie Source 


B. Manowitz, D. J. Metz, R. H. Bretton 


Now that power reactors are in the de- 
sign and construction stage, it is interest- 
ing to note that many of these reactors 
can economically produce megacurie 
amounts of cobait-60, To get a feeling 
for the economic feasibility of such a 
scheme, consider the case of a reactor 
generating 500 megawatts of heat power. 
Each watt corresponds roughly to 3x 101° 
fissions per second, and each fission will 
release about 2.5 neutrons, one of which 
must be spent in continuing the chain re- 
action while the others are absorbed in 
the system. Allowing one of these latter 
neutrons to be captured in cobalt-59 will 
produce 3 x 102° atoms of cobalt-60 per 
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second, per watt, or, utilizing only 2 per- 
cent of the power of the reactor to be 
used in producing cobalt-60, there will 
have been produced 


(10 10% w) (3 x 10% Stems Co"). 





sec 
= 
5.2 yr x 3.17 x 10" == ~ x 3.7 x 10" pe 
3.17 x 10" i 


1 x 10° curie ra cobalt 60/yr 


The cobalt can so be placed in the re- 
actor that it will actually improve upon, 
rather than hinder, the efficiency of heat 
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removal, For instance, cobalt can be used 
for the control rods of the reactor; it can 
also be used in flattening positions in the 
reactor; that is, it can be placed in such 
positions that the neutron flux distribu- 
tion will be flattened, thus making the 
temperature distribution more uniform 
throughout the system and improving on 
the efficiency of heat removal; finally, co- 
balt can be put into peripheral positions 
in the reactor where it will have little 
effect on the flux distribution but will 
catch neutrons that ordinarily would 
have been lost to the thermal shield— 
thus the duty for the secondary cooling 
system on the thermal shield could be 
reduced and more heat could be directed 
to the power cycle. 

At any rate, it is feasible in many 
power reactor designs to incorporate 
space for cobalt in such positions that the 
neutrons absorbed are essentially free, 
and the true costs involved are the cost 
of fabricating the cobalt pieces and the 
infrequent operational cost of removing 
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the cobalt from the reactor and trans- 
ferring it into shipping casks. Calcula- 
tions have been made of the specific ac- 
tivity of cobalt-60 to be expected by ir- 
radiating cobalt-59 at various flux levels, 
and they are presented in Table 1. 
Assume that there is available a 500- 
megawatt reactor where one can make 
use of 10 megawatts of the power gen- 
erated, and that the 10 megawatts is 
available at an average depressed flux 
of 2x10!% neutrons per square centi- 
meter, per second. In order to produce a 
megacurie of cobalt-60 in 1 year, having 
a specific activity of approximately 22 
curies per gram, one will have to insert 
in the reactor 10/22 =4.55 x 10* grams 
of cobalt-59. Although the particular 
geometry of the individual pieces of co- 
balt may depend on the ultimate use of 
the radiation sources, for the purposes 
of this paper assume that the cobalt is 
fabricated into rectangular slabs 1 inch 
wide by 0.160 inch thick by 10 inches 
long, these dimensions including 0.030 
inch of stainless steel cladding. Each ele- 
ment will contain 136 grams of cobalt 
and will have a total weight of 221 grams. 
Thus, a total of 334 of these elements will 
be required, each of which will contain 
approximately 3000 curies. 


Radiation Levels 


In use as a radiation source, these ele- 
ments can be assembled in various ways. 
Assuming that a flat-plate geometry is 
desired, the radiation level to be expected 
immediately in front of the array (1 cen- 
timeter away in air) can be calculated 
by assuming that at this distance the 
source is essentially an infinite slab source 
of finite thickness. The radiation intens- 
ity, J, in roentgens per hour, at such a 
point is given by the expression: 


pe 152% 10° Som 
v 


[1-Fi(vh)] (1) 


where S,, is the specific activity in curies 
per cubic inch, p is the absorption coeffi- 
cient of the gamma rays in air, v is the 
absorption coefficient of the source mate- 
rial, h is the thickness of the source, and 
F,(vh) is defined as 


Fi(wh) = fi2x*e"*'dx (2) 


the so-called Gold integral. Taking 
the values S,=3210 curies per cubic 
inch (averaged over entire array), 
w=1.74x10 per inch, and v=1.19 
per inch (an average for the relative 
amounts of stainless steel and cobalt), 
Eq. 1 reduces to 


1=7.18X1071-Fi(vh)] (3) 


The results of applying Eq. 3 to a 
range of thicknesses of the source are 
shown graphically in Fig. 1, where the 
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Table 1. Specific activity of cobalt-60 ob- 
tained by irradiating cobalt-59. 








Neutron Atom % ‘ond of 
: flux* of Co” wo ll 
(n/cm?, sec) after 1 yr g " 
yr 
10” 0.100 11 
10 0.990 11.6 
10" 9.52 111 





* The flux used here is not the undepressed flux 
but the flux that the cobalt actually sees. 


radiation intensity at 1 centimeter in air 
from thegcenter of a flat plate made by 
assembling the 334 elements into a 
roughly square sheet is plotted against 
the thickness. The radiation level near 
the surface of the most extended array 
(k=0.160 inch) is 2.97 x 10? roentgens 
per hour and approaches an asymptotic 
value of 7.18 x 107 roentgens per hour as 
the array is condensed to a rough cube 
many elements thick. 


Shipping-Container Problem 


Plotted in the same figure are the tons 
of lead shield necessary to reduce the 
radiation level to 100 milliroentgens per 
hour (or lower at the ends) on the outer 
surface of the container. This value ap- 
proaches an asymptotic value of 6.5 tons. 
Figure 2 is a plan view of the shielded 
array. 


It would appear then that it might be 
feasible to design a shipping container to 
transport safely and store a megacurie of 
cobalt-60, if the only concern were safe- 
guarding against the radiation emitted by 
the source. However, this quantity of 
cobalt-60 would generate 15 kilowatts of 
power, all of which would be dissipated 
as heat within the source itself and the 
shield material. Thus, serious thought 
must be given to the proper design of a 
container for a megacurie of activity that 
will properly shield against radiation 
and, at the same time, provide for the 
safe dissipation of the heat energy thus 
generated. 

The first question to be resolved is 
whether or not multiple shipments of 
quantities of less than 1 million curies 
are to be considered. By reducing the 
curies per shipment sufficiently, one may 
effectively eliminate one of the main de- 
sign problems—the removal of heat gen- 
erated by the source. However, the weight 
of shielding required does not decrease 
in proportion. As a means of illustration, 
a 3000-curie source in the form of one of 
the afore-mentioned metal strips would 
probably require about 1.5 tons of shield- 
ing, but one could neglect the heat-re- 
moval problem. : 

It is shown in subsequent paragraphs 
that a suitable facility for transporting 
1 million curies can be designed, which 
would weigh less than 15 tons, but the 
heat-removal problem must be given 
careful consideration. On the basis of 
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Fig. 1. Results of applying radiation intensity to a range of thicknesses of the source. 
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Fig. 2. Array for shielding and intensity calculations. 


815 





equal weight, 48 shipments each, con- 
sisting of seven of the 3000 curie sources, 
would be required for the transportation 
of 1 million curies as compared with one 
shipment with the single facility. Obvi- 
ously, there are intermediate cases that 
compare much more favorably than the 
illustration given here, but this illustra- 
tion does lend justification to considering 
the transportation in a single shipment, 
which is done in the discussion to follow. 
It might be added that a facility for 
transporting 0.5 million curies, rather 
than 1 million, would not differ signifi- 
cantly from the one to be described 
below. 

Before proceeding any further, it 
might be well to state qualitatively some 
of the requirements that should be met 
by a properly designed facility. (i) The 
facility must be properly shielded. (ii) 
The temperature in the lead shield must 
always be below the melting point of 
lead, since any small crack developing in 
the container during shipment might re- 
sult in complete loss of shield if the lead 
were in a molten state. (iii) The use of 
power-driven auxiliary equipment should 
be avoided, if possible, since loss of 
power might lead to intolerable condi- 
tions. (iv) It should be borne in mind 
that the facility must be loaded and un- 
loaded and, hence, should be designed to 
permit such operation without leading 
to intolerable conditions. (v) In general, 
the temperatures throughout the facility 
should be as low as possible to reduce 
thermal stresses in the shield container 
and also in the cobalt strips themselves to 
prevent, in the latter case, rupture of the 
stainless steel sheath. 

In all probability, the use of water as 
a heat-removal agent would result in the 
smallest size practical facility for trans- 
porting 1 million curies. However, there 
are potential hazards involved with the 
possible physical loss of coolant. Conse- 
quently, it was decided to attempt a de- 





Table 2. Temperature values for a megacurie source. 





(°F) Remarks 





Assumed 

Air emissivity 
circulation of ti* t.* t,* 
rate stainless CE CE we) 

(lb/hr) steel 
surface 

0 1 340 444 510 
0 0.5 410 516 590 
162 0.5 317 350 440 
400 0.5 273 300 350 
0.5 185 200 245 


1000 


No air circulation 

No air circulation 
353 Natural circulation; no stack 
308 Natural circulation; 6.4 ft. stack 
210 Forced convection 





* It will be noted that in most cases these are maximum temperatures for the general location. 


bf 
sign that would use air as a coolant and 
heat-transfer media. 

All the heat generated in the cobalt 
must be transferred across an air gap 
which offers a large resistance to transfer 
and thereby results in a very large tem- 
perature difference. It is readily appar- 
ent that this could be avoided if the 
gamma radiation were absorbed in shield 
material rather than in the cobalt. This 
can be accomplished by dividing the en- 
tire cobalt mass into smaller masses, each 
surrounded by shield material. In order 
to determine the extent of subdivision 
necessary, one requires information on 
the fraction of gamma energy that is ab- 
sorbed in various geometric shapes. Of 
particular interest in this design is the 
fraction absorbed in flat strips. For an 
infinite flat plate of thickness “‘b,” the 
following equation may be derived: 


iy 
2ub 


fa=1- 


(1 e wd) — 


ub | 0 o-w 
: — dx 4} 
2 e ub x ( ) 


where f, is the fraction of gamma energy 
that is absorbed, is absorption coeffi- 
cient, and b is plate thickness. 

The integral expression in Eq. 4 can 
be evaluated from available tables. For 


e ud 4 


* nl 























Fig. 3. Shielded container for megacurie source. 
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an infinite plate of thickness correspond- 
ing to one of the afore-mentioned cobalt 
strips, the fraction of gamma energy ab- 
sorbed would be 0.30. For an actual finite 
strip of the dimensions given here, the 
value would be less than this. It has been 
estimated that in such a strip the fraction 
of the total energy absorbed (both B and 
vy) would be about 0.33, assuming that 
the beta energy (amounting to 11.5 per- 
cent) is totally absorbed by the cobalt. 

It is obvious from this calculation that, 
if most of the energy is to be absorbed in 
the shield material, then individual strips 
must be used, each surrounded by shield 
material. Thus, a practical facility would 
consist of a shield block containing a cen- 
tral core consisting of a large number of 
slots, each containing one or more cobalt 
strips. This is surrounded by further 
shielding to reduce the intensity of radia- 
tion to a tolerable value at the surface. 
One proposed design is shown in Fig. 3. 

The spacing between slots must be 
given careful consideration. If the slots 
are too close, thea the contribution of 
nearby strips to the absorption in any one 
particular strip will be excessive, and the 
figure of 33 percent given in a foregoing 
paragraph would be raised appreciably. 
On the other hand, too great a spacing 
would add unnecessarily to the size and 
weight of the facility. An arrangement 
allowing 0.5 inch of shielding material 
between strips was selected after consid- 
eration had been given to the afore-men- 
tioned factors. Another result of subdi- 
viding the total mass of cobalt is the 
increase in area available for heat trans- 
fer. Rectangular slots were selected in 
preference to circular ones, mainly be- 
cause this particular geometry allows 
more shield material in the central core. 

To increase the efficiency of the facility 
with regard to the removal of heat, the 
facility has been designed to permit natu- 
ral circulation of air through the slots. 
This has been done by means of a large 
number of connecting tubes, as is shown 
in Fig. 3. The number and size of tubes 
is governed by two factors: (i) the pres- 
sure drop through the facility and (ii) 
the level of radiation scattered through 
the tubes. It will be observed that none 
of the cobalt strips actually sees out the 


SCIENCE, VOL. 124 








tub 
oul 
ing 
qu 


eit 


cri 


ee es elie ae - eg aes OM sae 





— ae Dt 


3 - ey 6 





tubes, and hence radiation reaching the 
outside must arise from multiple scatter- 
ing processes, This consideration re- 
quires that the tubes be small. 

The fluid-flow relationships involved 
either require relatively few large tubes 
or a large number of small tubes. With 
respect to the fluid-flow relationship, the 
criterion used was to make the largest in- 
dividual pressure drop be that associated 
with the slots, since their size, as de- 
scribed here, is governed by other factors 
and not easily subject to change. As a re- 
sult, many small tubes are used. The 
natural circulation can be improved by 
adding a stack to the facility, as is shown. 

The over-all dimensions of such a pro- 
posed facility would be about 4 feet in 
diameter by 4 feet in height, with a 
6-foot stack having an internal diameter 


of about 10 inches. The weight of such a 
unit would be about 13.5 tons. The inner 
cylindrical core (containing the rectangu- 
lar slots) would be about 2 feet in diame- 


‘ter by 2 feet in height. Each slot would 


contain two cobalt strips arranged verti- 
cally, one above the other. Since 334 
strips are required to constitute a mega- 
curie, 167 slots would be required, and 
these would be arranged on concentric 
circles spaced 1/2 inches apart. Each rod 
in a given circle would also be about 1.5 
inches apart, from center to center. Since 
each slot is 1 inch by 0.5 inch, the thick- 
ness of lead between slots (and hence 
between cobalt strips) would be 1 inch 
in a radial direction and 0.5 inch along 
the circumference of the circle. The air 
chambers above and below the central 
core would be 4 inches in height, and 


Bendix Time-of-Flight 


Mass Spectrometer 


The combination of high resolution 
with the speed of response and geometric 
simplicity of time-of-flight mass spec- 
trometers makes possible the application 
of mass spectrometry to a number of 
analysis and research problems which 
heretofore have not been well suited to 
this technique. The development of the 
Bendix spectrometer began with the in- 
vention of a new ion gun (1) which was 
capable of providing very high resolving 
power when used in a time-of-flight mass 
spectrometer. Further development work 
was encouraged by the inherent versatility 
of the instrument both in its operation 
and in its design. Several models have 
now been designed and built on special 
order to satisfy a number of different ap- 
plications. Following a description of the 
spectrometer’s operation and a summary 
of its characteristics, some of these appli- 
cations are discussed. 


Operation 


Several classes of mass spectrometers 
are commonly referred to as time-of- 
flight instruments. The Bendix spectrom- 
eter belongs to the class which probably 
represents the most straightforward ap- 
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plication of time of flight to mass spec- 
trometry and, in its simplest form, con- 
sists merely of an ion source and an ion 
collector situated at opposite ends of an 
evacuated tube, as is shown in Fig. 1. 

Ions are first formed, usually by elec- 
tron bombardment, between the two 
electrodes of the ion source. By applying 
a voltage pulse between these electrodes, 
the ion bunch can be ejected through an 
opening or grid in one of the electrodes. 
Because the ions, as a result of the ac- 
celerating field, reach a velocity that is 
a function of their mass to charge ratio, 
the original bunch of ions separates as 
it passes through the field-free region be- 
tween the source and the detector into 
several bunches, each containing ions of a 
specific mass to charge ratio. Hence, the 
light ions will reach the ion detector 
first, followed in succession by the heavier 
ions. 

One of the many methods. in which 
the Bendix spectrometer can be operated 
is described in more detail with the aid 
of Fig. 2. The first event in the creation 
of a single mass spectrum, many thou- 
sands of which may be formed every sec- 
ond, is the establishment of the electron 
beam in the temporarily field-free ion- 
izing region. This beam, which usually 


there would be 100 1-inch tubes in the 
top and bottom sections to permit circu- 
lation of air. 

The temperatures of interest in such a 
facility are those at the outer surface, in 
the central core, and in the individual 
cobalt strips. Since these temperatures 
are dependent on position, the values 
given in Table 2 refer to specific loca- 
tions as follows: t, is the temperature of 
the outer surface at a point midway be- 
tween top and bottom; t, is the tempera- 
ture at the center of the core; t, is the 
temperature at the center of a cobalt 
strip; and ¢, is the temperature of the air 
in the tubes leaving the facility. The cal- 
culations that led to the results given 
here involved many assumptions and ap- 
proximations, which are too numerous 
and too involved to discuss in this paper. 


lasts a fraction of a microsecond, is pro- 
duced when electrons are drawn off a hot 
filament by a voltage pulse applied to 
the adjacent electrode. After this beam is 
turned off, grid 1 is pulsed to eject the 
resulting ion bunch into the accelerating 
region. The direct-current source po- 
tentials are arranged so that the ions re- 
ceive their major acceleration as they 
pass through this area on their way to 
the field-free separating region or drift 
space. 

If the ions before pulsing were at rest 
and all in a plane parallel to the elec- 
trodes, almost any method of ejecting 
them from the source would provide 
infinite mass resolution, regardless of the 
total length of the flight path. The re- 
solving power of the instrument is, there- 
fore, a measure of the ability of the 
source to deliver the ions of one mass to 
charge ratio to the detector in a sharp 
pulse, even though the ions will inevi- 
tably vary in initial position and velocity. 
The effect of variations in the ions’ initial 
position can be reduced by taking ad- 
vantage of the fact that those ions farther 
away from grid 1 fall through a larger 
potential during the ion-ejection period 
than do those nearer this grid. The trail- 
ing ions will, therefore, acquire a greater 
velocity and will eventually overtake 
those in front. A proper adjustment of 
the fields in the ionizing and accelerating 
regions, usually made by varying the 
height of the ion-ejecting pulse applied 
to grid 1, causes the “crossover point” 
for all ion peaks to occur as they pass 
through grid 3 into the ion detector. The 
deleterious effect of initial ion velocities 
on the resolution of a time-of-flight spec- 
trometer can be reduced in two ways: 
(i) the final velocity of the ions can be 
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made large relative to their initial ve- 
locities; (ii) the time during which the 
ions are traveling with their final veloc- 
ity can be made large compared with the 
total time of flight. The latter method 
has the effect of increasing the average 
velocity of the ions during their total 
flight time relative to their initial veloci- 
ties. The high resolution produced by the 
Bendix spectrometer compared with 
other time-of-flight instruments is in large 
measure due to its ability to give the ions 
a high average velocity without using 
prohibitively high voltages or requiring 
a speed of response in the ion detector 
and output system beyond present elec- 
tronic art. 

A mathematical treatment of the fo- 
cusing action of this source has appeared 
in a previous article (2). The time of 
flight for an ion of mass M and charge q 
is T=\(M/q)™*, where i is a function 
of dimensions and voltages. A representa- 
tive value for the flight time of a singly 
charged nitrogen ion (M=28 atomic 
mass units) is 5 microseconds, and under 
usual conditions the time width of the 
nitrogen pulse at half height is about 
0.015 microsecond. 

A magnetic electron multiplier is used 
to detect and amplify the ion bunches, 
or peaks. The ions pass through grid 3 
into the electron multiplier, strike the 
first multiplying plate or dynode, and 
produce secondary electrons. These elec- 
trons follow cycloidal paths under the 
influence of the mutually perpendicular 
electric and magnetic fields in the multi- 
plier. After suitable multiplication, the 
resulting output signal can be displayed 
on an oscilloscope synchronized with the 
ion-accelerating pulse. 


Characteristics 


In large measure, the inherent stability 
and ruggedness of the Bendix spectrom- 
eter result from the simplicity of the me- 
chanical construction. Since the resolu- 
tion depends on temporal, rather than 
geometric factors, no accurate alignment 
or stringent geometric conditions are re- 
quired. The size and shape of the evacu- 
ated volume is not restricted by the pres- 
ence of a magnet, so that the effects of 
stray fields, arising from contaminated 
surfaces, can be minimized. This con- 
sideration, coupled with the fact that the 
performance of the instrument is de- 
pendent on only a small number of elec- 
trodes, permits the physical design to be 
quite flexible. Thus the problem of modi- 
fying the device for specific purposes is 
greatly simplified. 

The resolution of the Bendix spec- 
trometer varies with several parameters, 
such as flight time, flight-path length, 
and ion-source dimensions. As the in- 
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Fig. 1. Basic geometry of the Bendix 
spectrometer. 


strument parameters are varied to im- 
prove resolution, the sensitivity drops. 
The best resolution achieved to date is 
illustrated by the oscillogram shown in 
Fig. 3, while the compromise between 
resolution and sensitivity chosen for re- 
cent models gives the “normal” resolu- 
tion shown in Figs, 4 and 5. Careful os- 
cilloscope measurements have been made 
of this normal resolution at many masses 
up through xenon. Direct measurement 
on higher masses have not yet been made, 
but extrapolation of the data taken in 
this lower mass range shows that mass 
400 atomic mass units should contribute 
about | percent of its height to adjacent 
peaks and mass 600 atomic mass units 
has a width at half-height equal to the 
time separation between the centers of 
masses 600 and 601. 

An important characteristic of this 
instrument is the speed with which an 
analysis can be made. If one takes pic- 
tures of an oscilloscope screen, it is pos- 
sible to get a complete analysis recorded 
in a few microseconds. It should be noted 
that, although the mass spectrum might 
take 10 to 20 microseconds to be de- 
tected, the ions in this mass spectrum 
were all formed during a fraction of a 
microsecond in the ion source; and thus 
the spectrum represents the average com- 
position of the sample during a period 
no longer than a fraction of a microsec- 
ond. As in all mass spectrometers, the 
sensitivity depends on the resolution. 
Sensitivities on the order of 1 part in a 
million are theoretically possible in the 
low mass range. 

There are several ways in which the 
mass spectra can be recorded. The sim- 
plest is the oscilloscope display men- 
tioned previously, which exhibits the 
maximum resolution of the instrument 
and preserves the inherent speed of anal- 
ysis. Some applications, however, require 
greater accuracy and sensitivity than 
those obtainable through oscilloscope 
presentation. For these, the magnetic 
electron multiplier has been further de- 
veloped to provide three separate anodes. 
One of these anodes is usually connected 
to the oscilloscope. The other two can 
be activated electronically (gated) so that 
any portion of the mass spectrum can 
be directed onto each of these anodes, 


the remainder of the spectrum going to 
the oscilloscope anode. The two gated 
anodes are usually connected to an inte- 
grating direct-current amplifier which 
produces a voltage proportional to the 
average area under that part of the 
mass spectrum selected. The ratio of the 
two voltages obtained in this way can 
then be obtained and recorded if de- 
sired. Ratio recording has several advan- 
tages stemming from the fact that any 
variable in the machine which changes 
the size of all peaks proportionally will 
have no effect on ratios. Thus, changes in 
the electron-beam intensity, the gas flow 
into the instrument, or the amplification 
of the multiplier do not affect the analysis 
and, consequently, do not require precise 
regulation. Applications utilizing this 
ratio output are described later. 

A modification of this ratio-recording 
principle involves the use of pulse-count- 
ing techniques. Some ion peaks are so 
small that an average of less than 1 ion 
appears each cycle. The ratio of two such 
peaks can be taken by counting the pulses 
that occur during the time interval be- 
longing to each peak and comparing the 
two counts periodically. The noise pulses 
produced by the multiplier are equivalent 
to an ion pulse containing about 6 x 10-* 
ions, so that noise pulses do not impose 
a serious restriction on measuring small 
peaks by this method. 


Applications 


Probably the most obvious application 
is the analysis of very fast chemical re- 
actions, especially analyses in which one 
is attempting to detect radicals with half- 
lives in the microsecond region and which 
must be detected before they have suf- 
fered any wall collisions. One of the in- 
struments of this type is designed to pro- 
duce a spectrum every 50 microseconds 
which is photographed by a high-speed 
camera. The ionizing region and the re- 
action chamber are separated by only a 
thin wall with a small pinhole through it, 


MAGNETIC ELECTRON * 
HONIZING REGION 


MULTIPLIER 
f- ELECTRON TRAP mn 











cay! 2 3/f \ 
' 
GAS r : { 
INLET >" ed 











cL, { 
L © separatinG 











REGION / 
FILAMENT ACCELERATING \ 
REGION a 
OSCILLOSCOPE ; 
i‘ 
Ss Fg 





Fig. 2. Physical layout of the ion source 
and detector. 
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assuring the smallest possible path length 
for the radicals before ionization. The 
electron beam is directed to graze the 
inner side of this pinhole so that the gas 
is being ionized at the point where its 
pressure is the greatest. 

Perhaps the biggest problem in this 
type of analysis is reducing the back- 
ground to a sufficiently small value. Back- 
ground gas in this case includes not only 
products from the diffusion pump and 
gases originating in the walls of the vessel 
but also any molecules that have gone 
through the pinhole and have rebounded 
against a surface at least once. Thus, it 
is important to keep any surfaces in front 
of the pinhole to a minimum, so that a 
particle after rebounding will have a 
much greater chance of being captured 
by the pumping system than of returning 
to the ionizing region. This is accom- 
plished by using accelerating grids with 
very high transmission factors, providing 
a large evacuated volume beyond the ion 
source, utilizing large diffusion pumps, 
and preventing ions that are formed by 
the electron beam in a region other than 
that directly in front of the pinhole from 
ever reaching the ion collector. 

A promising approach to the problem 
of producing chemicals more efficiently, 
which has been receiving attention re- 
cently, is the utilization of fast reactions 
uvaring the speed and violence present 
in a ram jet engine (3). Some fast reac- 
tions are already utilized by the chemical 
industry; for instance, ethylene is made 
with high efficiency from propane gas 
by simply passing the propane through 
a hot tube, However, the wide applica- 
tion of these fast reactions is being 
limited by the difficulty of determining 
the complete chemical processes in- 
volved, especially the identity of the 
many intermediate products, some of 
which have more value than do the end- 
products. The ability of the Bendix 
spectrometer to help solve some of the 
formidable instrumentation problems 
should materially contribute to the de- 
velopment of this rapidly growing field. 

There is another class of problems 
suitable for mass spectrometers which 
utilize only an oscilloscope as an output 
system but do not require the extreme 
speeds necessary in very fast reaction 
work. One of the most interesting appli- 
cations is in the identification of the 
separated components emerging from a 
vapor-phase chromatographer. The com- 
mon method for identifying each com- 
ponent is to measure the time lapse be- 
tween the introduction of the mixture 
and the emergence of the separated 
component from the chromatography 
column as indicated by a thermal con- 
ductivity gage. If the same column has 
been previously calibrated with this same 
component under identical column tem- 
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Fig. 3. Oscillogram of the mass spectrum 
of some xenon isotopes. The masses are, 
from left to right, 128, 129, 130, 131, 132, 
134, and 136 amu. 
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Fig. 4. Oscillogram of a section of the 
n-butane mass spectrum. From left to 
right, the masses are 39, 40, 41, 42, 43, and 
44 amu. 
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Fig. 5. Oscillogram of a portion of the 
spectrum produced with a mixture of air 
and n-butane. The masses, from left to 
right, are 26, 27, 28, 29, 30, and 32 amu. 


perature, carrier gas pressure, and car- 
rier gas flow rate conditions, this emer- 
gence time can be used for identification. 
For general analysis applications, how- 
ever, such a limitation to one set of op- 
erating conditions is a definite disad- 
vantage, since the full resolution possible 
with chromatography depends on the 
utilization of many different column 
temperatures, flow rates, and especially 
column materials. Switching from one 
set of operating conditions to another 
not only varies the emergence times of 
separated compounds but, in some cases, 
the order of emergence as well. The mass 
spectrometer has been used to identify 
the emergent compounds, but heretofore 
this has required tedious collection of 
each component in a separate sample 
bottle and subsequent admission of cach 
sample in turn to the spectrometer. 
Using the Bendix spectrometer, the 
identification of the emerging compo- 
nents can be made simply by allowing a 
portion of the effluent gas to pass into 
the spectrometer, As each unknown 
emerges, its unique spectrum will rise 
and fall on the oscilloscope screen, af- 
fording positive identification in most 
cases. Photographs of the mass spectra 
can be taken if a permanent record is 
desired, and the relative abundance of 
the components can be determined by 





monitoring multiplier output current or 
utilizing a conductivity cell in the con- 
ventional manner. 

Because of its inherent characteristics, 
the ratio system described here promises 
to create important applications for this 
instrument in the process monitoring and 
process control fields. The relative inde- 
pendence of the ratio output with source 
pressure, source temperature, electron- 
beam current, and multiplier gain leads 
to a relaxation of regulation and calibra- 
tion requirements, and the simplicity 
and ruggedness of the design facilitates 
adaptation to industrial-plan operation. 
Another advantage derived from the in- 
dependence of the ratio output on source 
pressure is the feasibility of automatic 
calibration by rapid sample stream 
switching. Consider a ratio system that 
switches the sample stream between a 
standard and an unknown or process 
stream many times a second and then 
detects the ratio difference existing be- 
tween the standard and the unknown 
with a null detector tuned to the fre- 
quency of the sample switcher. It would 
be difficult in such a system to hold the 
source pressure constant, but this is not 
necessary with ratio operation, since both 
peaks of the ratio are affected propor- 
tionately by source pressure changes. 
Sample switching coupled with the null 
detection of a ratio greatly reduces de- 
pendence on operating variables and pro- 
duces a continuously calibrated signal. 

In some pilot-plant operations, the 
ratio output could be used to optimize 
more quickly the process under investi- 
gation. In those stages of the process 
which could be optimized by maximizing 
or minimizing a ratio of two peaks or 
two sections of the spectrum, much time 
could be saved by inserting the sample 
system of the spectrometer directly into 
the process stream and changing the 
plant-operating variables while watching 
the ratio. The oscilloscope spectrum 
could also contribute valuable informa- 
tion during this procedure. 

Applications in the chemical labora- 
tory also exist for the Bendix spectrom- 
eter. In many cases, the samples pro- 
duced in laboratories are analyzed by a 
separate mass-spectrometer group, often 
resulting in serious delays. The simplicity 
and low cost of this instrument when it 
is equipped with only an oscilloscope 
output make it practical for a chemist 
to use it in his own laboratory as a versa- 
tile, fast-responding tool to aid him in 
simple analyses and the monitoring of 
chemical reactions. A number of acces- 
sories can be used with this instrument 
to increase its versatility, such as stand- 
ard sample systems, independently timed 
oscilloscope sweeps on alternate cycles so 
that any two mass peaks can be brought 
into coincidence on the screen for direct 
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comparison, simple pulse-counting sys- 
tems that measure peaks containing less 
than 1 ion per spectrum which allow one 
to utilize the full sensitivity range of the 
instrument, and simple gating systems 
which allow conventional recording of 
mass spectra. 

An experiment recently performed 
concerning the detection of metallic ions 
may suggest other applications for the 
instrument. It was desired to check the 
dependence of resolution on initial ener- 
gies considerably higher than those usu- 
ally encountered, and for this purpose a 
beam of metallic molecules, thermally 
emitted from a hot source, was allowed 
to pass through the ionizing region at 
right angles to the electron beam and 
parallel to the source electrodes. As was 
expected, the resolution was unaffected 
by this transverse velocity. In general the 
resolution and intensity obtained with 
metallic vapors have proved to be very 
similar to those that would be obtained 


with gases at thé same molecular density. 
It was possible, however, to detect a shift 
in the direction of travel of the metallic 
ion beam as compared with the back- 
ground ions, the metallic ions being dis- 
placed at the collector in the direction 
of their high initial velocities. This fact 
can be turned to advantage by aiming 
the metallic ions directly at the collector, 
causing the majority of the background 
ions to be lost to one side. With alumi- 
num vapor, an improvement of a factor 
of 10 for the sensitivity of the metallic 
vapor as compared with the background 
gas was obtained in this way. 

Another application in the experi- 
mental field is to measure the lifetime of 
different types of ions by varying the time 
between the shutoff of the ionizing elec- 
tron beam and the beginning of the ion- 
acceleration pulse. With most source 


- geometries it is possible to have a lag 


between ion formation and ejection from 
the source of about 5 to 10 microseconds. 


News of Science 


Phosphagen of Tunicates 


It has been established that inverte- 
brates and vertebrates differ with respect 
to their phosphagens. Thus, phospho- 
arginine is characteristic of invertebrates 
and phosphocreatine of vertebrates. 

The invertebrates, however, exhibit 
some variability [Baldwin, Dynamic As- 
pects of Biochemistry (Cambridge Univ. 
Press, ed. 2, 1952)]. Although most of 
the five extant classes of Echinodermata 
possess nonprotein arginine and so fol- 
low the gencral invertebrate pattern, the 
Ophiuroidea contain creatine and the 
Echinoidea both arginine and creatine. 
A few invertebrates are devoid of both 
phosphoarginine and_ phosphocreatine 
but possess one or the other (gephyreans, 
some polychaete annelids) or both (some 
polychaetes) of two recently discovered 
phosphagens that contain neither argi- 
nine nor creatine. On the other hand, 
phosphocreatine is the only phosphagen 
present in vertebrates. 

The protochordates (Hemichordata, 
Urochordata, Cephalochordata), al- 
though they are grouped together with 
the vertebrates to form a single phylum, 
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the Chordata, are recognized as being 
morphologically intermediate between 
invertebrates and vertebrates. Their bio- 
chemical affinities, and hence their phos- 
phagens, are therefore of considerable 
interest (see Baldwin, 1952). Only phos- 
phocreatine is present in Cephalochor- 
data (lancelets), which thus most 
closely resemble vertebrates, as they 
do in their morphology. On the other 
hand, the Hemichordata (sea acorns), 
which exhibit the greatest structural 
affinities with invertebrates, appro- 
priately possess both the arginine and 
creatine compounds. Since 1932, the 
Urochordata (tunicates or sea squirts) 
have been regarded as quite anomalous 
among chordates in this respect, for the 
studies of both Fléssner and Needham 
et al. have indicated the presence of 
phosphoarginine, but not of phospho- 
creatine, in these animals. Hence, in this 
respect, the tunicates have been thought 
to resemble the invertebrates. 
Morrison, Griffiths, and Ennor have 
recently reported a study of two species 
of tunicates, Pyura stolonifera and P. sp. 
[Nature, 178, 359 (18 Aug. 1956)] in 
which they found no traces of arginine, 


Conclusions 


Many of the applications of the Bendix 
Time-of-Flight Mass Spectrometer make 
use of the instrument’s high resolution, 
speed of response, and simplicity. Among 
these are studies of fast reactions, the 
monitoring of chromatography columns, 
fast, moderately accurate chemical analy- 
ses, the optimizing of pilot-plant opera- 
tions, the detection of metallic vapors, 
and studies of ion lifetimes. 

Further experience is expected to un- 
cover other applications to the prob- 
lems of science ‘and’ industry where the 
unique characteristics of this instrument 
can be of service. 
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phosphoarginine, or arginine phospho- 
kinase. However, the presence of crea- 
tine, phosphocreatine, and an enzyme 
possessing creatine phosphokinase activ- 
ity was established. The authors note 
that, although it may not be permissible 
to conclude that tunicates as a class pos- 
sess phosphocreatine, their findings on 
Pyura do relieve these animals of their 
anomalous position and provide bio- 
chemical support for their accepted clas- 
sification among the chordates. 

It would seem of interest to investi- 
gate the phosphagens of other species of 
tunicates, including those already studied 
by earlier workers. It may well be that 
Fléssner, Needham et al., and Morrison 
et al. are all correct; if so, ‘the tunicates 
possess more than one type of phos- 
phagen, which varies with the species, 
sometimes being phosphoarginine, as in 
invertebrates, sometimes phosphocrea- 
tine, as in vertebrates and lancelets, and 
sometimes, perhaps, both of these com- 
pounds, as in hemichordates. This would 
befit the. accepted phylogenetic position 
of the Urochordata.—W. L. S., Jr.. 


French Atomic Power 


France became the first country on the 
West European continent to produce 
electricity by atomic means on 28 Sept. 
On that date the atomic center at Mar- 
coule, on the Rhone River north of 
Avignon, began to produce sufficient heat 
to make vapor, which in turn started the 
operation of specially constructed tur- 
bines. 

The pile, the first of three that will be 
built at Marcoule, began operating in 
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January, and its power has been pro- 
gressively increased since then. It is now 
producing 30,000 kilowatts of heat en- 


ergy, three-fourths of the total capacity . 


that is expected to be reached in a few 
weeks. When the maximum power of 40,- 
000 kilowatts of heat energy is reached, 
approximately 5000 kilowatts of elec- 
tricity will be produced. However, be- 
tween 7000 and 8000 kilowatts are needed 
to run the blowers that cool the pile. 
The Marcoule center is primarily a 
producer of plutonium. Electricity on a 
commercial basis will not be produced 
in France before 1959, when a plant in 
the Loire Valley is constructed. It will 
have a capacity of 300,000 kilowatts. 


Hyksos Tomb 


Hebrew University archeologists work- 
ing in the area of the biblical town of 
Tel Hazor, in northern Galilee, have re- 
ported the discovery of what seems to be 
an unopened royal tomb of the Hyksos 
period. Yigal Yadin, former chief of 
staff of the Israeli Army, and Jean Perrot 
have found a circular staircase leading 
into a rock tunnel that is behind an arch 
such as is found only in royal tombs. The 
tunnel is still blocked by tons of debris. 

The Hyksos were the earliest invaders 
of Egypt, conquering it about 1685 s.c., 
according to Josephus, Jewish historian 
at the start of the Christian Era. He also 
identified them as Israelites. Historical 
records of the Hyksos period are rare, 
and few archeological traces of it have 
been found. 


Salk and Sabin Vaccines 


The National Foundation for Infantile 
Paralysis has announced that recent work 
reported by Albert B. Sabin of the Uni- 
versity of Cincinnati in the development 
of a live-virus vaccine against paralytic 
poliomyelitis does not affect the current 
use of the Salk vaccine. The foundation 
has supported the work of both Sabin 
and Salk. Sabin’s experimental oral vac- 
cine contains attenuated strains of live 
virus, while the Salk killed-virus vaccine 
is injected in a series of three shots 
spaced over a period of 8 months. 

In a statement to the press, Thomas M. 
Rivers, medical director of the founda- 
tion, said: “The Salk vaccine is safe, 
effective and available today. The Sabin 
vaccine still is in an experimental stage. 
As Dr. Sabin himself has pointed out, it 
is impossible to estimate how long it 
might take to test and prove the effective- 
ness of the new vaccine in human beings. 
But we know that the Salk vaccine has 
been 75 to 80 per cent effective. It would 
be tragic if parents, misled by the report 
of a possible future vaccine, delayed the 
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use of the vaccine which now is available 
for protection against paralytic polio.” 
Rivers also commented that the founda- 
tion has received no request from Sabin 
for mass testing of his new product. 


Engineering Graduates 
Here and Abroad 


Comparative data for the graduating 
classes of engineers for 1954 in Great 
Britain, the United States, and the 
U.S.S.R. are as follows: Great Britain 
graduated 57 engineers per million of 
population; the United States graduated 
136 engineers per million of population; 
and the U.S.S.R. graduated 280 engi- 
neers per million of population. 

The available data for the U.S.S.R. 
show that the Soviet Union is graduating 
an additional 326 lower-grade engineers 
per million of population. Although the 
population of the U.S.S.R. is about one- 
third greater than that of the United 
States, she is graduating more than twice 
as many engineers as the United States. 


Doctor Draft 


The special draft law passed in 1950 
that permitted the induction of physi- 
cians and dentists up to the age of 50 
will expire next June, and the Depart- 
ment of Defense has let it be known that 
next year the military will rely instead 
on the regular draft to get its medical 
staff. More than 30,000 physicians, den- 
tists, and veterinarians have been called 
to duty under the provisions of the law, 
which was extended in 1951 and 1953 
and again in 1955. 

The American Medical Association 
and the American Dental Association 
have long protested that the law was dis- 
criminatory. Under the regular draft, 
men under 35 may be inducted. Only 
about 200 more doctors are expected to 
be called before the law expires. 


Erythromycin Molecule 


The complete molecular structure of 
erythromycin has been determined after 
4 years of research at Eli Lilly and Com- 
pany, Indianapolis, Ind. The team of 
organic chemists who participated in the 
work included Edwin H. Flynn, Koert 
Gerzon, Max V. Sigal, Jr., Paul F. Wiley, 
Ollidene Weaver, Rosemarie Monahan, 
and U. Carol Quarck (who is now at the 
Organic Chemistry Institute, Technical 
University, Berlin-Charlottenburg) . 

Erythromycin, which is produced by 
the soil mold Streptomyces erythreus, is 
widely used by the medical profession, 
particularly against common bacterial in- 
fections. It was discovered in the Lilly 


laboratories in 1951 and given the trade 
mark Ilotycin (Erythromycin, Lilly). 
The determination of the molecular for- 
mula will aid research to develop new 
forms of the antibiotic and to study its 
metabolism and physiological action. 

The formula is C,;H,;NO,,. The 
molecule consists of a large lactone ring, 
called erythronolide, to which are at- 
tached two unusual sugars, desosamine 
and cladinose. The desosamine structure 
was worked out by chemists of another 
laboratory after the Lilly group had iso- 
lated, characterized, and named it. 

Part of the structure work on erythro- 
mycin has been detailed in the Journal 
of the American Chemical Society [78, 
388, 808 (1956)], and the final reports 
are to appear in that publication in the 
near future. 


Report of the Pentagon’s New 
Industrial Security System 


The Department of Defense has issued 
an unusual 200-page report on the func- 
tioning of its arms plant security system. 
This First Annual Report of the Penta- 
gon’s Industrial Personnel Security Re- 
view Program, subtitled “Security at 
work” has an illustrated cover, charts, 
and a clearly written text. 

Breaking precedent, the report cites 
30 case-histories to illustrate how the se- 
curity system works. Although most of 
the cases seem to be clear-cut ones in 
which security clearance should have 
been withheld, one case-history disclosed 
that a “research scientist of national 
stature” had been finally granted clear- 
ance in the face of charges that his 
mother was a known Communist and his 
father a supporter of Communist-front 
organizations, and that he himself had 
gone to Russia to do research work in 
the 1930’s, had read the Daily Worker, 
and had shown a “sympathetic interest” 
in Communism. 

The report stresses that the Govern- 
ment has a duty to release as much in- 
‘formation as possible regarding security 
cases, to avoid the “confusion and mis- 
understanding” that has resulted in the 
past because of partial disclosures. It 
also defends the limited use of “faceless 
informers.” In general, the report pre- 
sented the following information. 

Under the new centralized control sys- 
tem and improved local screening pro- 
cedures, the number of disputed security 
cases arising among the some 2 million 
employees of defense plants has been 
sharply reduced since April 1955 when 
the clearance system was revised. 

For fewer clearance denials are for- 
warded by local agencies to the Pentagon, 
and of these, clearance is being granted 
in a higher percentage of cases. During 
the first 14 months of the present system, 
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418 cases were submitted for Pentagon 
screening; in 250 cases lower authorities 
were overruled and clearances were 
granted. This is a 60-percent approval 
rate, compared with 37 percent during 
the previous 2 years, when only 622 of 
1672 appeals for clearance were granted. 
In addition, a much larger percentage of 
cases was settled before the people in- 
volved had to be notified and hearings 
held, with the consequent harm done to 
those concerned. 

In a news conference about the report, 
Jerome D. Fenton, director of the De- 
fense Department Office of Personnel 
Security Personnel Policy, stated that of 
all the cases considered, about half in- 
volved loyalty questions and half per- 
sonal charges such as homosexuality, 
drunkenness, and criminal records. He 
said that, although the number of cases 
has decreased, the percentage of clear- 
ances remains about the same. 


US.-Soviet Cooperation 


The U.S. Government has offered to 
enter into an agreement with the 
U.S.S.R. under which Soviet and Ameri- 
can planes would fly between Nome, 
Alaska, and Murmansk in the U.S.S.R. 
for observation of Arctic ice in connec- 
tion with the International Geophysical 
Year. The reciprocal agreement would 
include exchanges of landing rights and 
the use of equipment, facilities, and per- 
sonnel related to the flights. 

At the Arctic conference of the IGY 
in Stockholm in May 1956, the U.S. Na- 
tional Committee for the IGY had sug- 
gested coordination of the ice observa- 
tion flights of the two countries. The 
Soviet representatives then proposed that 
alternate flights be exchanged “in order 
to obtain a more comprehensive photo- 
graphic record of the polar icepack and 
its changes.” 


New ARDC Research Branch 


The Air Research and Development 
Command has established a new branch 
to conduct research, development, evalu- 
ation, and integration of flight-control 
systems displays in all Air Force aircraft. 
The new design engineering branch of 
the Flight Control Laboratory at ARDC’s 
Wright Air Development Center, Day- 
ton, Ohio, will carry ou olans of the 
Control-Display Integrati.:. Working 
Group, which is composed ci representa- 
tives from several laboratories and other 
units at WADC concerned with aircraft 
instruments. 

The new branch is headed by C. J. 
Snyder and is composed of three sec- 
tions: the display engineering section, 
with Jack Kearns as chief, which con- 
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ducts research and development on whole 
panel instrumentation concepts for new 
weapon systems; the systems integration 
section, headed by Maj. B. S. Emrick 
(who is also chairman of the Working 
Group), which conducts research and 
development on problems of integration 
of whole panel instrumentation concepts 
with other subsystems; and the specifica- 
tions and standards section, under John 
Hart, which provides engineering guid- 
ance and formulates general require- 
ments for test procedures, acceptance 
standards, and reliability criteria. 


News Briefs 


™ The ministers of education of Central 
America recently took part in a meeting 
at which all five of the republics repre- 
sented agreed to coordinate their sys- 
tems of instruction. The participants 
have agreed to meet again on 5 Dec. in 
San Salvador to work out arrangements 
for a permanent organization to be estab- 
lished in Managua under the auspices of 
the Organization of Central American 
States. 


= The U.S. Atomic Energy Commission 
has announced that a hearing on the 
safety of the reactor being constructed 
by the Power Reactor Development 
Company of Detroit, Mich., will be held 
in Washington, D.C., on 13 Nov. Jay A. 
Kyle, assistant chief hearing examiner 
for the Federal Communications Com- 
mission, will be the presiding officer. 


=The effective tagging of fleas with 
radioactive isotopes for the study of the 
epidemiology of plague has been reported 
by the University of California Medical 
Center and the U.S. Public Health Serv- 
ice’s communicable disease laboratory in 
San Francisco. Cerium-144, an isotope 
of one of the rare earths, has proved a 
practical and simple tracer for fleas, 
which heretofore have been especially 
difficult to tag. With the new technique, 
fleas can now be released on wild rodents 
and their life-cycle can be studied with 
radiation-detecting equipment. 


Scientists in the News 


THOMAS M. RIVERS of New York 
City, formerly vice president of the 
Rockefeller Institute for Medical Re- 
search, has been appointed medical di- 
rector of the National Foundation for 
Infantile Paralysis. He succeeds HART 
E. VAN RIPER, who is leaving the Na- 
tional Foundation on 31 Oct. to become 
medical director of Geigy Pharmaceuti- 
cals of Ardsley, N.Y. 

Rivers, who has been closely asso- 
ciated with the development and testing 


of the Salk vaccine, takes over his new 
post on 1 Nov., | year after joining the 
National Foundation’s professional staff 
as assistant to the president of the foun- 
dation. 


The following scientists received 
awards during the American Chemical 
Society’s 130th National Meeting. 

ROBERT B. WOODWARD, profes- 
sor of chemistry, Harvard University, the 
ACS award for creative work in synthetic 
organic chemistry, sponsored by the. Syn- 
thetic Organic Chemical Manufacturers 
Association, “for brilliant achievements 
in the synthesis of alkaloids.” 

WARREN K. LEWIS, professor emer- 
itus, Massachusetts Institute of Technol- 
ogy, the ACS award in industrial and en- 
gineering chemistry, sponsored by the 
Esso Research and Engineering Com- 
pany, “for his major part in developing 
fluidized bed systems for gas-solid con- 
tacting and chemical reactions.” 

MELVIN CALVIN, professor of 
chemistry, University of California, the 
ACS award for nuclear applications in 
chemistry, sponsored by the Nuclear In- 
strument and Chemical Corporation, “for 
skillful and diverse demonstrations of the 
power of radioisotopes in experimental 
chemistry.” 

GILBERT J. STORK, professor, Co- 
lumbia University, the ACS award in 
pure chemistry, sponsored by Alpha Chi 
Sigma Fraternity, “for extraordinary 
work in the structure and stereospecific 
synthesis of natural products.” 

Ralph H. MULLER, staff member, 
Los Alamos Scientific Laboratory, Uni- 
versity of California, the Beckman award 
in chemical instrumentation, sponsored 
by Beckman Instruments, Inc., “for a 
long series of ‘firsts’ in better ways to 
get chemical information from physical 
measurements.” 

STUART PATTON, associate profes- 
sor, Pennsylvania State University, the 
Borden award in the chemistry of milk, 
sponsored by the Borden Company Foun- 
dation, Inc., “for ingenious application 
of organic chemistry techniques to prob- 
lems of heat-induced deterioration of 
milk.” 

HAROLD A. SCHERAGE, associate 
professor, Cornell University, the Eli 
Lilly and Company award in biological 
chemistry, “for valuable additions to the 
knowledge of protein interactions and 
protein and macromolecular structure.” 

JOHN H. YOE, chairman, depart- 
ment of chemistry, University of Virginia, 
the Fisher award in analytical chemistry, 
sponsored by the Fisher Scientific Com- 
pany, “for pioneering work in colorimet- 
ric analysis and organic analytical re- 
agents.” 

D. H. R. BARTON, Regius professor 
of chemistry, University of Glasgow, the 
Fritzsche award, sponsored by Fritzsche 
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Brothers, Inc., “for many difficult struc- 
tural elucidations of complex essential 
oils, particularly caryophyllene.” 

LUCY W. PICKETT, chairman, de- 
partment of chemistry, Mount Holyoke 
College, the Garvan medal, “for develop- 
ing pivotal information on molecular 
structure, especially through far ultra- 
violet spectroscopy.” 

DAVID H. KILLEFER, consultant, 
the James T. Grady award, “for many 
years of successfully spelling out chem- 
istry for the lay and professional public, 
both young and old.” 

PETER DEBYE, professor emeritus, 
Cornell University, the Kendall Com- 
pany award in colloid chemistry, “for 
important work on polymer solutions and 
solutions of soaps and silicates including 
development of pertinent light-scattering 
techniques.” 

C. GARDNER SWAIN, associate pro- 
fessor, Massachusetts Institute of Tech- 
nology, the Precision Scientific Company 
award in petroleum chemistry, “for work 
in physical-organic chemistry of extreme 
importance to fundamental petroleum 
chemistry.” 

NORRIS W. RAKESTRAW, profes- 
sor of chemistry, Scripps Institution of 
Oceanography, the Scientific Apparatus 
Makers award in chemical education, 
sponsored by Scientific Apparatus Mak- 
ers Association, “for outstanding service 
to teachers of chemistry and chemical 
engineering.” 

G. ROBERT GREENBERG, asso- 
ciate professor of biochemistry, Western 
Reserve University, the Paul-Lewis Labo- 
ratories award in enzyme chemistry, “for 
unusual contributions to the knowledge 
of purine metabolism.” 


HUBERT L. ROSOMOFF, of the 
Naval Research Institute, Bethesda, Md., 
has won the American Academy of Neu- 
rological Surgery award for 1956. He has 
selected for his paper: “Hypothermia 
and cerebral vascular lesions, II, experi- 
mental middle cerebral artery interrup- 
tion followed by the induction of hypo- 
thermia.” 


C. P. RHOADS, director of the Sloan- 
Kettering Institute for Cancer Research, 
New York, and scientific director of Me- 
morial Center for Cancer and Allied 
Diseases, New York, has received the 
Walker prize of the Royal College of 
Surgeons, England. Scientists from all 
parts of the world, as well as from Great 
Britain, are eligible for this prize, which 
is awarded once every 5 years “for the 
best work in advancing the knowledge of 
the Pathology and Therapeutics of Can- 
cer done, either partially or wholly, 
within the five years preceding the year 
in which the Prize is awarded.” Rhoads 
was honored because he has had “a dis- 
tinguished career as an experimental Pa- 
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thologist and over the last ten years as 
the Scientific Director has built up at 
the Sloan-Kettering Institute and the 
Memorial Hospital, New York, the larg- 
est and most efficient cancer research or- 
ganization in the world.” 


GEORGE W. BEADLE of the Cali- 
fornia Institute of Technology, retiring 
president of the AAAS, will deliver the 
Charles E. Dohme memorial lectures at 
Johns Hopkins University on 27, 28, and 
29 Nov. The subject will be “The nature 
of the gene: (i) in heredity, (ii) in func- 
tion, (iii) in evolution.” 


DAVID HOWE of Dallas, Tex., for- 
merly associate plant physiologist at the 
Texas Research Foundation, has become 
agronomist for the research development 
and engineering staff of the Commercial 
Solvents Corporation. He will make his 
headquarters at the company’s research 
laboratories in Terre Haute, Ind., where 
he will direct his attention to the devel- 
opment of agricultural chemicals prod- 
ucts. 


DAEL WOLFLE, executive officer of 
the American Association for the Ad- 
vancement of Science, is in Hamburg, 
Germany, attending a seminar on science 
education that is being held by the 
UNESCO Institute for Education, 22-27 
Oct. 


HAROLD S. JOHNSON of Stanford 
University has been named associate pro- 
fessor of chemistry at California Insti- 
tute of Technology. 

Another appointment at C.I.T. is that 
of LEON BLITZER, who has been ap- 
pointed senior research fellow in physics. 
On leave of absence from the University 
of Arizona, where he is professor of phys- 
ics, he will conduct research in spectros- 
copy. 


MASON R. BOUDRYE, associate 
professor of biology at Moorhead State 
Teachers College, has accepted the posi- 
tion of permanent executive secretary of 
the Minnesota Academy of Science. He 
is the first full-time secretary of the acad- 
emy, whose offices will be at the Science 
Museum in St. Paul. After several years 
of planning, and through the support of 
the Louis W. and Maud Hill Family 
Foundation, the office has been estab- 
lished to further the activities of both the 
junior and senior academies. 


E. FINLEY CARTER, formerly as- 
sociate director of the Stanford Research 
Institute, has been appointed director of 
the institute. 


MADISON D. CODY, professor of 
botany at the University of Florida, re- 
tired on 1 July. 


HOWARD W. HAGGARD, director 
of the Laboratory of Applied Physiology 
at Yale University, has retired. An ex- 
pert on alcohol and its problems, Hag- 
gard started Yale’s internationally known 
Center of Alcohol Studies. He has had 
to curtail his activities in the past few 
years because of ill health, but he will 
continue to serve as an adviser to the 
laboratory and the center. He will also 
continue as editor of the Quarterly Jour- 
nal of Alcohol Studies, a post he has held 
since the journal was established in 1940. 

Haggard received his B.A. degree from 
Yale in 1914, after which he enrolled in 
the Yale School of Medicine, where he 
earned an M.D. degree in 1917. After 
serving as a captain of chemical warfare 
in World War I, he joined the Yale 
faculty in 1919 and, within a few years, 
became director of the Laboratory of 
Applied Physiology. From 1925 to 1940, 
he conducted an outstandingly popular 
lecture course in applied physiology that 
annually attracted an enrollment of more 
than 600 undergraduates. For many 
years he has been in constant demand as 
a lecturer. 

In 1929 he published Devils, Drugs 
and Doctors, perhaps one of the first 
widely popular books on medicine. It was 
translated into many languages, including 
the Chinese, and for many years was a 
best seller. He was also the first person to 
conduct a weekly health program on 
radio with a regularly scheduled show 
started about 1934 over a New York sta- 
tion. 

He was mainly instrumental in or- 
ganizing the widely known Summer 
School of Alcohol Studies at Yale, now 
in its 14th year, and was also instrumen- 
tal in establishing the Yale Plan Clinic, 
which set a nation-wide pattern for work 
with alcoholics. 

From 1948 to 1950 he served as direc- 
tor of the Yale Office of University De- 
velopment, during which period he 
toured the country twice, visiting nearly 
every Yale Club of alumni in the nation. 
Even before this time he was a successful 
fund-raiser for his laboratory. Colleagues 
estimate that during 30 years he raised 
more than $2 million for the laboratory 
and its projects. 


A. S. BENENSON, lieutenant colonel, 
MC, USA, formerly director of experi- 
mental medicine at the Chemical Corps 
Laboratories in Camp Detrick, Md., has 
been appointed director of the division 
of immunology, Walter Reed Army In- 
stitute of Research, Walter Reed Army 
Medical Center, Washington, D.C. 
LOUIS H. MUSCHEL, major, MSC, 
USA, has also recently been assigned to 
the division of immunology. Previously 
he had been at the 406th Medical Gen- 
eral Laboratory of the U.S. Army in 
Japan. 
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ELSA KEILES, formerly executive 
secretary of the metabolism and _ nutri- 
tion study section and the human em- 
bryology and development study section 
of the Division of Research Grants, Na- 
tional Institutes of Health, has recently 
joined the staff of the grants and train- 
ing branch of the National Heart In- 
stitute. 


CHARLES D. SHIELDS has been 
appointed associate dean of the George- 
town University School of Medicine 
(Washington, D.C.). Shields has been 
professor and chairman of the depart- 
ment of physical medicine and rehabili- 
tation at the school since 1954. He will 
retain that post in addition to the dean- 
ship. 


LAUREN B. HITCHCOCK has an- 
nounced that he will resign as president 
and managing director of the Air Pollu- 
tion Foundation, Los Angeles, Calif., on 
15 Nov. to return to private practice as 
a management consultant in industrial 
research and development. 


GEORGE S. CRAMPTON, ophthal- 
mologist, teacher, and inventor, has re- 
ceived the 1956 gold medal award of the 
Illuminating Engineering Society. Al- 
though a physician, he is a past-president 
of the IES. He was accepted for mem- 
bership 40 years ago because of the spe- 
cial lighting features he devised for each 
of his prismatic viewing instruments. 

Crampton, who is 82, has been a sur- 
geon at Wills Eye and Pennsylvania hos- 
pitals, Philadelphia, and is an emeritus 
professor of ophthalmology at the Gradu- 
ate School of Medicine, University of 
Pennsylvania. He now owns and operates 
the Lenox Instrument Company in Phila- 
delphia. 


JOHN D. PORTERFIELD, a career 
officer of the Public Health Service since 
1939 and at present director of the Ohio 
Department of Mental Hygiene and Cor- 
rection, has been named assistant to the 
Surgeon General of the Public Health 
Service. He will have responsibility for 
planning and developing new ‘programs, 
for providing a continuous appraisal and 
evaluation of existing activities, and for 
advising on proper balance among the 
various programs of the service. He will 
give particular attention to the fields of 
chronic diseases and aging, in which a 
variety of programs are developing. 


PAUL J. FLORY, professor of chem- 
istry at Cornell University, has been 
chosen to head the Mellon Institute’s 
investigational activities as executive di- 
rector of research. He will join the or- 
ganization for a day a week during this 
fall, half time in February, and full time 
in the summer of 1957. 
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Recent Deaths 


HOWARD W. BRUBAKER, Man- 
hattan, Kan.; 79; professor emeritus of 
chemistry at Kansas State College; 25 
Sept. 

WILLIAM B. COLEMAN, Philadel- 
phia, Pa.; 68; metallurgist; 30 Sept. 

GEORGE A. DAVIS, Mountain 
Lakes, N.J.; 60; technical director of the 
Wilputte Coke Oven Division of the 
Allied Chemical and Dye Corporation; 
9 Oct. 

RALPH L. DOURMASHKIN, New 
York, N.Y.; 65; former senior surgeon 
with the U.S. Public Health Service; 10 
Oct. 

CAMILLE E. DREYFUS, New York, 
N.Y.; 78; chemist, chairman of the board 
of the Celanese Corporation of America; 
27 Sept. 

HENRY P. FAIRCHILD, New York, 
N.Y.; 76; professor emeritus of sociology 
at New York University; 2 Oct. 

RICHARD FAIREY, London, Eng- 
land; 69; executive chairman of the 
Fairey Aviation Company; 30 Sept. 

DONALD B. GILLIES, Cleveland, 
Ohio; 83; vice president of the Republic 
Steel Corporation until 1948; 29 Sept. 

FREDERICK W. HODGE, Santa Fe, 
N.M.; 91; retired director of the South- 
west Museum; 28 Sept. 

GORDON F. HULL, Hanover, N.H.; 
86; professor emeritus of physics at Dart- 
mouth College; 7 Oct. 

HANS S. JOACHIM, Boston, Mass.; 
65; physicist at Watertown Arsenal; 7 
Oct. 

JUSTIN F. KIMBALL, Dallas, Tex.; 
84; former vice presiderit of Baylor Uni- 
versity in charge of the College of Medi- 
cine, the School of Nursing, Baylor Hos- 
pital, and the College of Dentistry in 
Dallas; 7 Oct. 

GEORGE M. ROSENBLUM, Mer- 
rick, N.Y.; 49; electronic engineer; 25 
Sept. 

ARCHIBALD SHARPE, 
England; 75; biologist; 4 Oct. 


London, 


Education 


= The U.S. Office of Education has an- 
nounced approval of the first two con- 
tracts for cooperative educational re- 
search in its history. The contracts, with 
Indiana University and with Vanderbilt 
University, will be financed from a re- 
cent appropriation of $1,020,600 for re- 
search by colleges, universities, and state 
agencies in the problems of education. 
Several other projects are under active 
consideration. 

Indiana University will undertake an 
18-month investigation to determine 
why only one-fourth of the top 10 per- 
cent of the state’s high-school graduates 
in 1954-55 entered college. Also, studies 
will be made to learn how many of the 


top 20 percent of the state’s 1955-56 
high-school graduates do not continue 
their educational programs into college, 
and why they do not. 

Wendell W. Wright, Indiana’s vice 
president, with Christian W. Jung, asso- 
ciate professor of education and director 
of the university’s summer session, will 
direct the $15,900 program. About one- 
third of the cost will be provided by 
Indiana University. 

Vanderbilt University will conduct, 
under the direction of Albert J. Reiss, Jr., 
professor and chairman of the depart- 
ment of sociology and anthropology, a 
3-year study of causes of juvenile de- 
linquency. The study will be made 
among children in grades 7 through 11 in 
Nashville and in Davidson County, 
Tenn., with the cooperation of public, 
private, and parochial schools and com- 
munity agencies. Information will be 
solicited from teachers, parents, attend- 
ance officers, juvenile court officials, and 
other citizens. Federal funds totaling 
$49,060 are planned for the Vanderbilt 
project. 


™The first annual training instit*e of 
the American Group Psychotherapy As- 
sociation will be held on 9 Jan. 1957 at 
the Henry Hudson Hotel, New York, 
N.Y. This will be a 1-day meeting con- 
sisting of morning, afternoon, and eve- 
ning sessions. The institute will be open 
to AGPA members, psychologists, and 
social workers who meet the minimum 
requirements for AGPA associate mem- 
bership. The fee for participants will be 
$15 for members and $20 for nonmem- 
bers. This includes registration, tuition 
fees, and also dinner in the evening. For 
further information write to: Director of 
Training Institute, Room 300, 345 E. 46 
St., New York 17, N.Y. 


™The University of Pennsylvania has 
begun construction of its William H. 
Donner Center for Radiology. It expects 
to complete the project in 1957 or early 
in 1958. Physicians, chemists, and physi- 
cists will carry on cooperative research 
projects in the new three-story building, 
for which the Donner Foundation has 


allocated $750,000. 


™ Rensselaer Polytechnic Institute is 
planning a program that would make 
possible an increase in its undergraduate 
enrollment of 80 percent and an increase 
in its classroom and laboratory buildings 
of 50 percent. The expansion, which will 
be under way in the near future, is 
scheduled for completion during the next 
14 years. 

The 80 percent jump in enrollment 
would mean about 2450 more under- 
graduate students than are now in at- 
tendance, This would bring R.P.I.’s un- 
dergraduate enrollment to more than 
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5200 students. Present undergraduate en- 
rollment is about 3000. To carry out the 
program, the institute must acquire an 
additional $24.5 million in endowments 
and $8 million for the construction of 
new classroom and laboratory buildings. 
Also, it will be necessary to borrow, on 
a self-liquidating basis, several millions 
of dollars for the construction of living 
quarters for students. 

In announcing the program, Livingston 
W. Houston, president of Rensselaer, de- 
fined the institution’s stand on the ques- 
tion of expansion. This has been a con- 
troversial subject among educators, some 
of whom have held that accepting a 
much larger number of students would 
impair the quality of education. Houston 
said: 

“The leading engineering schools can- 
not lower their standards. All of us are 
seeking quality. The real problem is not 
one of simply maintaining quality but of 
producing high-quality students in the 
quantity that industry must have. Bigness 
and quality are not mutually exclusive. 
If they were, many of our leading larger 
companies would have ceased growing 
long ago. . . . [However,] faculty and 
facilities—and funds to support them— 
will be of little avail unless there are 
adequate numbers of properly qualified 
high school graduates available to enter 
our engineering colleges.” 


Grants, Fellowships, and Awards 


"The National Science Foundation is 
inaugurating a program for the support 
of instrumentation for chemical research. 
The purpose of this program is to pro- 
vide either a portion or all of the funds 
required to purchase certain equipment 
that is needed for research in chemistry 
departments of American colleges and 
universities and cannot be obtained from 
any other source. 

Chemistry departments of institutions 
interested in applying for grants should 
submit proposals that provide the follow- 
ing information: (i) name and address 
of institution; (ii) description of desired 


_ equipment; (iii) description of research 


of staff members who will utilize the 
equipment; (iv) biographic data of staff 
members concerned; (v) arrangements 
to be made for care and maintenance of 
the equipment; (vi) related equipment 
on hand; (vii) budget (include state- 
ment of funds, if any, from other 
sources). 

Fifteen copies of the proposal should 
be submitted to the National Science 
Foundation, Washington 25, D.C., at- 
tention Mathematical, Physical and En- 
gineering Sciences Division. One copy 
should be signed by the chairman of the 
department and by an official authorized 
to sign for the institution. All copies 
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should indicate the persons, with titles, 
who have signed the single copy. Pro- 
posals received by 1 Dec. will be con- 
sidered for grants to be awarded by about 
1 Mar. 1957. 


"The U.S. Atomic Energy Commission 
has announced the award of 50 unclassi- 
fied life science research contracts in 
medicine, biology, biophysics, and radia- 
tion instrumentation. Ten of the awards, 
each of which covers a period of 1 year, 
are new projects; three are in medicine, 
six in biology, and one in radiation in- 
strumentation. Forty contract renewals 
have been negotiated to allow for con- 
tinuation of research already in progress; 
19 of these are in the medical sciences, 
16 in biology, three in biophysics, and 
two in radiation instrumentation. 


@Expanded aid to outstanding high- 
school physics, chemistry, and mathemat- 
ics teachers has been announced by Shell 
Companies Foundation, Inc., New York. 
The foundation this year provided Shell 
Merit Fellowships for 60 high-school 
teachers at seminars conducted by Stan- 
ford and Cornell universities this past 
summer. This program was so successful 
that Shell plans to provide a significantly 
greater number of fellowships for 1957. 

More than 2000 teachers from all parts 
of the United States applied for the fel- 
lowships available in 1956, Fellowship 
teachers received allowances for travel 
costs to Stanford or Cornell, tuition fees, 
living. expenses, and.$500. in cash. to. .off- 
set loss of potential summer earnings. 
Teachers attended lecture and laboratory 
sessions, had group discussions with lead- 
ing specialists in their various fields, and 
visited nearby scientific installations. 

Requests for fellowship applications 
should be sent directly to the two uni- 
versities. Mathematics, physics, or chem- 
istry teachers with 5 years of experience 
and known leadership ability are eligible. 
Teachers living west of the Mississippi 
should write the School of Education, 
Stanford University, Stanford, Calif. 
Teachers east of the Mississippi should 
write the Department of Education, Cor- 
nell University, Ithaca, N.Y. 


@ During the years 1957-58 the Office of 
Naval Research will continue its modest 
program in support of basic research in 
astronomy and astrophysics. As in past 
years, the National Research Council 
Committee on Astronomy Advisory to 
ONR, with a membership of seven as- 
tronomers nominated by the council of 
the American Astronomical Society, will 
aid ONR in evaluating proposals re- 
ceived, 

Applicants must submit proposals by 
15 Dec. Ten copies of each proposal, 
which should include a full description 
of the project and a cost breakdown, 


should be addressed to: Chief of Naval 
Research, Department of the Navy, 
Washington 25, D.C., Attention: Code 
430. Letters of recommendation will be 
helpful to members of the advisory com- 
mittee in making their appraisal and 
should be sent by the writer directly to 
the above address. 

It is expected that the advisory com- 
mittee will again recommend a maxi- 
mum overhead charge of 15 percent of 
the total budget. The cooperation of uni- 
versities in approving overhead rates of 
this order will in no way prejudice nego- 
tiations of overhead for other contracts. 


™ The Exploration Fund of the Explorers 
Club, New York, made its first grant to a 
nonmember of the club under its new un- 
restricted award policy when it recently 
voted to support the anthropological re- 
searches of Neville Dyson-Hudson and 
V. R. D. Dyson-Hudson in East Africa. 
The $1231 grant is to cover study of the 
hill tribes fringing the Karamoja plateau. 
The Exploration Fund was established 
by C. R. Vose and was open only to 
members of the club until this year. 


™The U.S. Public Health Service has 
reported that almost $1 million has been 
awarded to schools and _ individuals 
through a new public health training 
program. Under the program, which was 
authorized by Congress on 23 July, 261 
public health workers are now enrolled 
for graduate training in 41 schools. Upon 
completion of their studies, most of the 
trainees will be employed in state and 
local health departments, thus helping to 
relieve the acute personnel shortage. 


In the Laboratories 


® Last month the Westinghouse Electric 
Corporation dedicated the new Westing- 
house Research Laboratories, which are 
located on a 72-acre site in Churchill 
Borough, Pa., 10 miles east of Pittsburgh. 
The three-story, L-shaped building 
houses the laboratories, offices, shops, 
and other requirements for a staff of 
more than 700 people. Included in these 
facilities are a technical library contain- 
ing 30,000 volumes and subscribing to 
more than 500 periodicals; a complete 
metals processing laboratory for melting, 
annealing, rolling, and otherwise proc- 
essing metals and alloys; an instruments 
laboratory; several machine shops; a 
glass blowing laboratory; a photographic 
and reproduction department; drafting 
facilities, and so forth. 

Although the structure has just been 
completed, work has already begun on 
an additional wing that will increase its 
size by nearly 50 percent and will pro- 
vide accommodations for the materials 
engineering department. In addition, 
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Westinghouse Research Laboratories in Churchill Borough, Pa. 


plans for a nuclear reactor have been an- 
nounced, the first to be built by a single 
industrial company for its own research. 
The reactor, which will be located near 
the new facility, will be in operation in 
about 2 years. 

The departments that occupy the new 
building, and the respective department 
managers, are as follows: chemistry, R. 
W. Auxier; electromechanics, C. R. 
Hanna; electronics and nuclear physics, 
J. W. Coltman; insulation, J. Swiss; 
magnetics and solid state physics, J. K. 
Hulm; mathematics, M. Ostrofsky; me- 
chanics, R. E. Peterson; metallurgy, J. 
H. Bechtold; physics, L. J. Varnerin; 
semiconductor and solid state physics, 
E. N. Adams; and technology, J. C. R. 
Kelly. During a prededication press tour 
of these departments a number of new 
developments were announced. 

An advanced steam turbine for elec- 
tric power generation was described. 
Steam, under a pressure of 16,000 pounds 
per square inch and a temperature of 
1200°F, is being used to test the strength 
of the stainless steel casing that will 
house the pressure element of the new 
turbine. The turbine and the generator 
it drives will constitute a turbo-generator 
unit rated at 325,000 kilowatts, enough 
electric power to supply all the resi- 
dential needs of a city of about 1 million 
people. 

After a demonstration of electrolumi- 
nescence (light by phosphors coated on 
a glass panel that is treated to conduct 
electricity) a room lighted by electro- 
luminescence was unveiled. Some 112 
glass panels, each 1 foot square in size 
and giving off a soft green light, are used 


to illuminate the room with shadowless, 
fixtureless light. Two control knobs, one 
for brightness and the other for color, 
make is possible to adjust for any level 
of brightness, and to create any color 
atmosphere, from varying shades of 
white to blue or red. 

A new electronic brain, the Automex, 
was also described. The device has a 
“built-in intelligence,” enabling it to 
distinguish between right and wrong de- 
cisions. It decides at every step whether 
the step just taken was correct or not; 
the next step is based on this decision 
and is the one most likely to lead to 
success. 

Another instrument that was an- 
nounced is a new type of gyroscope, the 
vibragyro, that is designed to stabilize 
aircraft in flight. It is the product of 2 
years of research aimed at developing a 
unit lighter and more rugged that the 
conventional rotating-type gyro that is 
now generally in use. 

A new, high-temperature, high-voltage 
insulating material is another develop- 
ment relating to aircraft that was ex- 
hibited. The insulation, a solventless sili- 
cone resin that was developed in co- 
operation with the Dow Corning Corpo- 
ration, can be formed into thick sections 
of solid, heat resistant insulation for use 
in complex electrical equipment. By 
eliminating the solvent formerly neces- 
sary in other heat-resistant resins, it was 
possible to produce an insulation that is 
entirely free of air spaces, or ‘bubbles.’ 

The Westinghouse Research Labora- 
tories are devoted 90 percent to basic 
and fundamental research. Only 10 per- 
cent of the work in the new laboratory 





is in applied research. Fifty percent of 
the work is on what Westinghouse desig- 
nates as basic research, the search for 
new knowledge in fields that relate di- 
rectly to the company’s business; 40 per- 
cent, at a cost of $2.5 million this year, 
is on fundamental research—work in 
fields of science basic to the electrical 
industry, but on specific projects that 
have little or nothing to do with the com- 
pany’s business as such, Over-all, West- 
inghouse is spending $150 million dur- 
ing the current year on its total techni- 
cal effort, including both research and 
development. 


® The Helipot Division of Beckman In- 
struments, Inc. has announced comple- 
tion of its move from South Pasadena, 
Calif., and its vicinity to temporary 
quarters in Costa Mesa in preparation 
for the occupation of a new $2-million 
plant in Newport Beach early next year. 
The move consolidates 16 Helipot facili- 
ties that were located in South Pasadena, 
Pasadena, Alhambra, and San Gabriel. 
Helipot, which manufactures precision 
components for electronic instruments 
and systems, will continue to direct 
plants and offices in Mountainside, N.J., 
and Toronto, Canada, from the new 
headquarters. 


®™The Food Machinery and Chemical 
Corporation, New York, has announced 
the formation of the FMC Organic 
Chemicals Division, which will be re- 
sponsible for the manufacture and sale of 
all plastics produced by FMC and of 
all organic chemicals that are not di- 
rectly linked with the operations of one 
of the company’s other chemical divi- 
sions. Henry S. Winnicki, formerly di- 
rector of engineering and development 
for FMC Chemicals, has been named 
president and manager of the new divi- 
sion, which will have quarters in New 
York. . 


™The St. Eloi Corporation, Newtown, 
Ohio, has prepared a brochure, which 
will be distributed free on request, that 
presents a tabulation of the physical 
properties of the lanthanide metals and 
oxides. The brochure also announces the 
inauguration of the company’s pure rare © 
earth metal production program, which 
will make the entire group of lanthanide 
elements available’ to industry and aca- 
demic laboratories. 


= Experiments designed to utilize atomic 
radiation to create or improve petroleum 
products and processes will be centered 
in a new atomic radiation laboratory to 
be constructed by the Continental Oil 
Company in Ponca City, Okla., at a cost 
of approximately $500,000. The new 
laboratory, which is expected to be com- 
pleted by March 1957, was designed by 
the Walter Kidde Nuclear Laboratories. 
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Book Reviews 


Fertilization. Lord Rothschild. Methuen, 
London; Wiley, New York, 1956. 170 
pp. Illus. $3.50. 


The stimulus that the fertilizing 
spermatozoon provides to the egg is well 
matched by the stimulating effect that 
this book is likely to have on research 
in its particular field and in biology in 
general. The special excellence of the 
present work evidently results from the 
fact that the author is one of the fore- 
most investigators in the field and, at 
the same time a lucid, thoughtful, writer 
of broad general knowledge. 

The book is pitched at a level that 
presupposes some knowledge of general 
cytology, physiology, and biochemistry. 
It will, of course, be especially valuable 
to students and to investigators of an- 
imal and plant reproduction. However, 
it should also be of considerable interest 
and value to all biologists, to scientists 
in general, and to educated laymen. For 
biologists in certain fields, such as vir- 
ology, enzymology, cellular metabolism, 
immunology, bioelectricity, the discus- 
sions of correlative phenomena in the 
sperm-egg systems should prove highly 
nutritive. For the general reader, the 
book will be a source of enjoyment and 
information concerning a subject about 
which he has undoubtedly puzzled since 
the day he first asked his mother, “Where 
did I come from?” 

The book opens with a descriptive 
section on some of the morphological 
changes that occur upon fertilization. 
This is followed by chapters dealing 
with interacting substances of eggs and 
sperm, metabolism of eggs, chemical 
and physical changes upon fertilization, 
polyspermy, bioelectricity, and specific- 
ity. A short last section lists a number 
of subjects, in addition to those sug- 
gested in the body of the text, that the 
author considers to be worth further 
investigation. 

The author has not attempted to re- 
view all available papers dealing with 
the various topics he discusses, since he 
justly considers this inappropriate for a 
volume of the present size and scope. 
However, the work is very well docu- 
mented, with a literature list of 497 titles 
which include papers that are as cur- 
rent as possible. A classified index is in- 
cluded of plants and animals mentioned 
in the book. This is to help the reader, 
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where necessary, identify the organism 
with respect to class or order and also 
to resolve some of the confusion arising 
from synonyms. 

Of particular significance is the fact 
that the work is no mere recital of sum- 
maries of papers dealing with fertiliza- 
tion, but an analytic treatment of var- 
ious problems, including valuable sug- 
gestions and ideas of the author. Evalu- 
ations are given of the extent to which 
various investigations have furthered 
knowledge of particular problems. Often 
this involves critical assessment of var- 
ious experiments and it is of interest to 
note, in this regard, that Rothschild ap- 
plies the same objectivity toward his 
own investigations as he does toward 
those of others. 

ALBERT TYLER 
California Institute of Technology 


Physics and Mathematics. Series I. Prog- 
ress in Nuclear Energy. R. A. Char- 
pie, J. Horowitz, D. J. Hughes, and 
D. J. Littler, Eds. McGraw-Hill, New 
York; Pergamon, London, 1956. 398 
pp. Illus. $12. 


This book contains selected papers 
and digests of papers from the Inter- 
national Conference on the Peaceful 
Uses of Atomic Energy held in Geneva, 
August 1955. Some effort has been made 
to correlate data, experimental meth- 
ods, and theory in the nuclear and re- 
actor, physics fields from the various 
contributing nations. The first six chap- 
ters deal with microscopic behavior of 
fissionable and other reactor materials; 
the remaining five chapters deal pri- 
marily with theory and experiment on 
various types of nuclear reactors—homo- 
geneous, thermal, fast, heterogeneous, 
and intermediate. 

Chapter 1 provides a summary of 
fuel cross sections and neutron yields. 
It is noted that there still remain sur- 
prisingly large discrepancies between 
measurements made at different instal- 
lations. Chapter 2 describes methods of 
measurement of fuel resonance cross 
sections. The graphs contained in this 
section contain less detail than those 
found in the book Neutron Cross Sec- 
tions, BNL-325. Chapter 3 is a Geneva 
paper giving the present theoretical ba- 


sis of neutron resonances. Chapter 4 is 
a new review of methods of measuring 
scattering cross sections. Chapter 5 dis- 
cusses the measurement of cross section 
for xenon-135. Chapter 6 lists resonance 
capture integrals for many elements of 
interest in reactor design. 

Chapter 7 summarizes all existing 
data on delayed neutrons but does not 
resolve the recurring problem facing the 
reactor designer, namely, the best choice 
of half-lives and yields. Chapter 8 re- 
views the experimental data on homo- 
geneous critical assemblies and those 
with nonuniform fuel distributions. 
Chapter 9 presents for the first time in 
one place outlines of methods for ana- 
lyzing fast reactors and gives a correla- 
tion with measurements at Los Alamos 
and Argonne and in England. Chapter 
10 is a Soviet paper on heterogeneous 
reactors using integral and summation 
methods. These approaches are not as 
familiar to American reactor physicists 
as diffusion methods. Chapter 11 com- 
pares theoretical methods of treating 
intermediate reactors and experimental 
data on systems designed to test the 
theories. 

I was interested in ascertaining the 
amount of correlation of international 
results that appears in this new book 
and was disappointed to find that it 
consists essentially of selected reprints. 
Because of the importance of the Gen- 
eva conference in the area of nuclear 
engineering and science, it is very likely 
that greater use will be given to the 
original volumes than to this book. Only 
in about four chapters is there any anal- 
ysis and comparison of papers presented 
at the conference. It may be, however, 
that this book will serve a useful purpose 
in calling the attention of the more cas- 
ual reader to papers agreed to be of 
greatest importance in the field. 

Raymonp L. Murray 
Department of Physics, 
North Carolina State College 


Progress in Neurobiology: I, Neuro- 
chemistry. Saul R. Korey and John I. 
Nurnberger, Eds. Hoeber-Harper, 
New York, 1956. 244 pp. Illus. $6.75. 


This excellent volume represents the 
proceedings of the first of a series of sym- 
posia on neurochemistry organized by 
Saul Korey and John Nurnberger and 
held in conjunction with the annual 
meetings of the American Neurological 
Association. The editors have shown 
sound judgment and foresight in addi- 
tion to a willingness to expend consider- 
able effort.in a realization of this con- 
cept. 

Although the volume consists of a 
series of apparently unrelated but excel- 
lent papers, there is considerable com- 
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prehensiveness in the representation of 
important areas. One finds an excellent 
review by Palay of new knowledge of 
neuronal structure achieved through 
electron microscopy, which biochemists 
are beginning to realize must form the 
framework in which chemical systems 
contribute to function. The chemical 
structure of the nervous system is repre- 
sented by papers on the chromato- 
graphic properties of sphingosine by 
Wittenberg, on the structure of ribonu- 
cleic acid by Rich, and on fractionation 
of brain copper protein by Porter and 
Folch-Pi. 

Some fundamental aspects of inter- 
mediary metabolism are discussed by 
Roberts on the formation and utilization 
of y-aminobutyric acid, on enzymatic 
thioltransacetylation by Brady and 
Stadtman, on acetal phospholipids by 
Korey. The relationships of biochem- 
istry to development are discussed in 
papers on adaptive enzyme formation in 
morphogenesis by Gordon, on develop- 
mental changes in enzymatic activity by 
Jordan and his associates, and on studies 
of over-all cerebral metabolism in chil- 
dren by Kennedy. 

Biochemical mechanisms and _ their 
role in the functional activity of the 
nervous system are treated by papers on 
the biochemical correlates of stress by 
Nurnberger and Gordon, on acetylcho- 
line activity by Wilson and Altamirano, 
and on cerebral metabolism and mental 
activity by Sokoloff. A number of papers 
discuss the biochemical correlates of 
neurological disease, including Wilson’s 
disease by Scheinberg, epilepsy by 
Tower, and allergic encephalomyelitis 
by Goldstein and Kies. 

The organizers of this symposium are 
to be congratulated for the role that they 
are playing in the ever-widening accept- 
ance of the important place that bio- 
chemistry occupies in modern neurology. 

Seymour S. Kety 
National Institutes of Mental Health 
and Neurological Diseases and Blind- 
ness, National Institutes of Health 


Handbook of Scientific and Technical 
Awards in the United States and 
Canada. Margaret A. Firth, Ed. Spe- 
cial Libraries Association, New York, 
1956. 491 pp. $10. 


This selected listing of the most im- 
portant awards presented by the leading 
scientific and technical societies in the 
United States and Canada is arranged 
alphabetically by names of the societies 
listed. The basic list used for the com- 
pilation was edition 8 of Handbook of 
Scientific and Technical Societies of the 
United States and Canada, 1948. All 
societies listed as presenting awards 
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were reviewed. Awards granted by foun- 
dations, publishers, universities, and 
companies are not included in this com- 
pilation. 

Under each society listed the names 
of that organization’s awards are ar- 
ranged in alphabetical order. A brief de- 
scription of each award is given, and 
information is included on the criteria 
for selecting recipients and the nature 
of the award (monetary, a medal, a cita- 
tion). 

An index to the listings of the United 
States and Canadian societies, a subject 
index of the awards, and a combined in- 
dex of award titles and recipients are 
included. This compilation will fill a 
useful place on many reference shelves. 


Alcoholism as a Medical Problem. A con- 
ference held under the auspices of the 
Committee on Public Health of the 
New York Academy of Medicine and 
the New York State Mental Health 
Commission. H. D, Kruse, Ed. Hoeber- 


Harper, New York, 1956. 102 pp. $3. 


This small book represents the mate- 
rial presented at a conference held under 
the auspices of the Committee on Public 
Health of the New York Academy of 
Medicine and the New York State Men- 
tal Health Commission. The material is 
edited by the executive secretary of the 
Committee on Public Health, and he 
also writes the preface to the book. There 
are eight chapters, which are the eight 
different papers presented at the meet- 
ing; included also is a certain amount of 
discussion by the 30 participants of the 
conference. 

The purpose of this volume is best 
stated by quoting from the preface: 
“The sponsors of the conference had defi- 
nite objectives: to introduce the prob- 
lems of alcoholism to the physician; to 
create in him an appreciation of the 
magnitude of the disease with its fright- 
ening and tragic consequences; to direct 
his attention to his new responsibility to 
the alcoholic and to encourage him to 
assume it; to acquaint him with the basic 
medical facts and principles about al- 
coholism; and to stimulate research on 
the causes of this disease, and on the care 
and treatment of the patient.” 

This book has much excellent mate- 
rial in it, and it is difficult to decide which 
material to emphasize in a review of it. 
Chapter 1, “The epidemiology of al- 
coholism,” is by John E. Gordon, pro- 
fessor of epidemiology, School of Public 
Health, Harvard University. Gordon’s 
approach is somewhat different from the 
conventional approaches on the subject, 
and it is worth discussing in some detail. 
He maintains that alcoholism should be 
studied in the same manner as other dis- 
eases, such as tuberculosis. He would 


therefore approach the problem by divid- 
ing the population into those who use 
alcohol as a beverage and those who do 
not use it at all. This he feels corres- 
ponds more properly with the public- 
health approach to such problems as 
tuberculosis and poliomyelitis. He com- 
pares it in this respect with poliomyelitis, 
nine-tenths of the cases of which he feels 
do not produce clinical recognition and 
are not actually medical problems. 

He concludes: “A majority of adults 
in this country use alcohol. Abstinence 
is therefore not the norm. What part cor- 
responds to infection and what part to 
disease? The more significant considera- 
tion is what part of infection is truly 
latent, ending benignly or conceivably 
even with benefit to the host, and what 
part is merely incubatory infection, des- 
tined to evolute into actual disease. More 
directly, what proportion of users of 
alcohol will eventually become alcoholics 
and what are the factors. of host and en- 
vironment that determine that result?” 

Then follows an interesting discussion 
of the biologic gradient of alcoholism, 
the ecology of alcoholism, and control. 
Under this last heading he states: “No 
mass disease of man has ever been ade- 
quately controlled by attempt to treat 
the affected individual. Some progress 
can be made, there are ethical reasons 
for that approach, but if the objective is 
control of the condition in a population 
the fundamental approach is through 
definition of the nature and extent of 
the problem, the recognition of causative 
factors, and prevention. A program based 
on treatment of the exaggerated illness 
is temporizing and with no great promise 
of productive result; it is good clinical 
medicine but poor public health.” 

This conclusion seems to me to be of 
the greatest importance. At the present 
time there are many who wish to attack 
the problem of alcoholism merely by set- 
ting up more treatment facilities for the 
care of extreme cases of alcoholism. It 
is most important to emphasize the pub- 
lic-health approach and to warn all those 
who are now trying to do something 
about alcoholism that simply setting up 
more facilities for the treatment of al- 
coholics is never going to solve the prob- 
lem of alcoholism. 

Chapter 2, “Views on the etiology of 
alcoholism—I, The organic view,” is by 
Harold E, Himwich, director of research, 
Galesburg State Research Hospital, 
Galesburg, Illinois. Himwich presents an 
interesting discussion of the theories of 
organic etiology, of the pharmacology of 
alcohol, and then attempts to discuss the 
organic basis for addiction. He points 
out that there are physiological mechan- 
isms which are changed as a reaction of 
the organism to various substances and 
states: “. . . enzymatic changes in re- 
sponse to alteration of diet have also 
been found in mammals as well as in rats 


SCIENCE, VOL. 124 











ee i a a ee Oe ee ee 








—_— 














and dogs. The part played by alcohol is 
further demonstrated because these dis- 
turbances can be corrected by taking 
more alcohol. The abstinence syndrome 
reveals that a pharmacologic substance; 
alcohol, assumes the role of a dietary re- 
quirement. Such a viewpoint places de- 
lirium tremens in the category of a with- 
drawal syndrome.” Himwich therefore 
thinks of alcoholism as much more akin 
to opium. He likewise believes that 
these findings indicate that the presently 
generally accepted idea of immediate 
and complete withdrawal of alcohol is 
undesirable and may even throw the 
patient into delirium tremens. He agrees 
that this concept is not generally ac- 
cepted, but wishes to advocate it again. 
Whether or not one agrees with him, it 
is worth while having this question 
brought up again and reevaluated. He 
concludes: “The physiologic factor is 
regarded as structural and active when 
the cells of the body and particularly 
those of the brain appear to function 
better in the presence of alcohol than in 
its absence.” 

Chapter 3, “Views on the etiology of 
alcoholism—II, The psychodynamic 
view,” is by Franz Alexander, clinical 
professor of psychiatry, University of 
Illinois. Alexander’s approach is primar- 
ily the orthodox psychoanalytic view- 
point, quoting heavily from Knight. He 
emphasizes the disinhibiting effect of al- 
cohol which reduces repressions and per- 
mits a freer expression of ego-alien, 
mostly infantile cravings. He mentions 
oral dependent needs, latent homosexu- 
ality, repressed or inhibited heterosexual 
and hostile impulses, as the most impor- 
tant of these. 

Chapter 4, “Views on the etiology 
of alcoholism—III, The behavioristic 
view,” is by Edward Joseph Shoben, Jr., 
associate professor of education, Teach- 
ers College, Columbia University. He 
holds that alcoholism can best be studied 
as maladaptive behavioral adjustment. 
He agrees to the apparently universal 
viewpoint of the participants that alcohol 
reduces anxiety. He questions whether 
drinking releases lower functions and sug- 
gests that it rather releases impulses that 
have been inhibited by anxiety. He be- 
lieves that important material can be ob- 
tained by studying the availability and 
first drinking experiences of the alcoholic 
in learning how alcohol has been chosen 
as a defense against anxiety. 

Chapter 5, “Views on the etiology of 
alcoholism—IV, The Sociologic View,” 
is by August B. Hollingshead, professor 
of sociology at Yale. He points out that 
sociologists have shown little interest in 
the etiology of alcoholism but have stud- 
ied mostly the use and abuse of alcohol 
in particular cultures. Although he feels 
that there is evidence of varying use of 
alcohol with different cultures, he does 
not believe that such studies have shown 
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what is the specific factor operating in a 
given situation that led to alcoholism in 
an individual. He also criticizes the soci- 
ological studies for seeking etiology fac- 
tors in social and cultural situations and 
largely overlooking the individual. 

Chapter 6, “The natural history of 
alcoholism—lI, Its onset and course,” is 
by Arnold Z. Pfeffer, assistant clinical 
professor of psychiatry, New York Uni- 
versity School of Medicine. This chapter 
is a rather orthodox medical and psy- 
chiatric discussion of alcoholism. 

Chapter 7, “The natural history of al- 
coholism—II, Its psychopathologic mani- 
festations,” is by S. Mouchly Small, pro- 
fessor of psychiatry, University of Buffalo 
School of Medicine. Here we get a fairly 
textbooklike description of the different 
types of alcoholic mental disorders. 

Chapter 8, “Evaluation of the treat- 
ment of alcoholism,” is by Hugo Muench, 
professor of biostatics, School of Public 
Health, Harvard University. Muench 
points out that up to 50 different treat- 
ments are listed for alcoholism and that 
medical schools commonly teach that the 
more and more varied the treatment for 
a disease, the less likely that any one of 
them has any particular value. He goes 
on to a discussion of simple statistical 
criteria for dealing with such a study. 
There is further discussion of the mean- 
ing of “effects of treatment” and a plan 
for setting up a life-table study. 

There are many interesting discussions 
of these papers by other members of the 
conference, On the whole, it can be said 
that this book is somewhat unique and 
different from any of the recent small 
books on alcoholism that have come out, 
that it emphasizes that alcoholism is a 
medical problem, and that it presents a 
great deal of interesting material by a 
number of extremely well-qualified per- 
sons. The book is recommended for any- 
one who wishes to keep up to date on 
the whole problem of alcoholism. 

Kart M. BowMan 
University of California, 
Medical Center, San Francisco 
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Handbuch der Physik. vol. 47, Geophys- 
ics. I. S. Fliigge, Ed. J. Bartels, Group 
Ed. Springer-Verlag, Berlin, 1956. 659 
pp. DM. 118. 


Fifty years ago, a student could be- 
come familiar with all major results of 
physics of the atmosphere, the ocean, 
and the earth’s interior within a year; 
today, no geophysicist has detailed 
knowledge of more than a few fields of 
geophysics. The greatest progress in 
geophysics has been made since the pre- 
ceding edition of this handbook appeared 
about 1930. The present volume is ac- 
tually a completely new book. In the 
preceding edition, geophysical chapters 





were inserted with corresponding chap- 
ters of physics—for example, the one on 
seismic waves in the volume on mechan- 
ics of elastic bodies. Now, there are two 
volumes devoted entirely to geophysics. 
The first of them, volume 47, covers 
only problems of the solid earth and is 
entirely written by new authors. Several 
of its chapters deal practically entirely 
with findings unknown in 1930 or dis- 
cuss new conclusions from rediscussion 
of older observations. 

The volume contains the following 
major topics: H. Spencer-Jones, rota- 
tion of the earth including discussion 
of the unit of time and of changes in 
the length of the day (23 pp.); J. Cou- 
lomb, theory and types of seismographs 
(in French, 51 pp.); K. E. Bullen, propa- 
gation of seismic waves through the 
earth, earthquake energy, elastic con- 
stants and density in the earth (43 pp.); 
M. Ewing and F. Press, surface waves 
and guided waves; the latter were prac- 
tically unknown 20 years ago but begin 
to form a separate field of seismology 
(21 pp.); J. Coulomb, microseisms (in 
French, 13 pp.); M. Ewing and F. Press, 
fundamental problems of refraction 
and reflection methods of seismic pros- 
pecting (16 pp.); H. Baule and E. Muel- 
ler, methods to determine in the labora- 
tory elastic and nonelastic properties 
and wave velocities in rocks and effects 
of temperature and pressure (in Ger- 
man, 32 pp.); G. D. Garland, absolute 
and relative determination of gravity, 
reduction of gravity observations, grav- 
ity anomalies and their interpretation 
(44 pp); M. Ewing and F. Press, struc- 
ture of the crust on the basis of seismic 
and gravity measurements (12 pp.); A. 
E. Scheidegger, forces in the crust, 
which can be deduced from surface 
features, faulting, folding, distribution 
of continents and oceans, without “fan- 
tastic postulates” (30 pp.); J. T. Wil- 
son, R. D. Russel, and R. M. Farquhar, 
radioactive decay, isotopes, radioactivity 
of rocks, age of minerals, duration of 
geologic periods, and age of the earth 
(76 pp.); J. A. Jacobs, the earth’s in- 
terior, deduced from seismological data, 
expected effects of temperature, pres- 
sure, magnetic and electric properties 
(42 pp.); L. Cagniard, electric currents 
in the earth and electric prospecting (in 
French, 63 pp.); S. K. Runcorn, mag- 
netization of rocks and paleomagnetism 
(28 pp.); S. K. Runcorn, the earth’s 
magnetic field and its variations (36 
pp.); K. Jung, figure of the earth, po- 
tential theory of the gravitational field, 
the geoid, gravity in the earth’s interior, 
polar movement; extensive equations 
and tables (in German, 105 pp.). The 
book is highly recommended to every- 
body interested in geophysical problems. 

B. GuTENBERG 
Seismological Laboratory, 
California Institute of Technology 


Meetings and Societies 


Theoretical and Applied Limnology 


The 13th congress of the Interna- 
tional Society of Theoretical and Ap- 
plied Limnology met in Finland from 
27 July to 7 Aug. About 380 members 
and guests were registered from 38 coun- 
tries, making this congress the largest in 
the history of the society. For the first 
time in many years, there was a good 
representation from the central and east- 
ern European countries. Following the 
opening business session in Helsinki, the 
Edgardo Baldi memorial lecture, “Pro- 
duction, reproduction, and yield,” was 
delivered by W. E. Ricker (Canadian 
Fisheries Research Board, Nanaimo). 

The first 7 days of the meetings were 
devoted mainly to 120 short research 
papers; most of these were read in lec- 
ture rooms of the Forestry Building at 
the University of Helsinki. Contribu- 
tions can be roughly grouped into six 
major categories: lake typology, fish- 
eries, brackish waters and osmoregula- 
tion, lake and river pollution, botanical 
papers, and miscellaneous zoological 
papers. 

Problems of lake typology were pre- 
sented from a wide variety of chemical, 
physical, and biological viewpoints, and 
the discussions revealed a great diver- 
gence of opinion regarding the relative 
soundness of various typological criteria. 
Fish papers emphasized reproduction, 
spawning, and development. Brackish- 
water contributions dealt chiefly with 
osmoregulation and relative tolerances 
of fresh-water and marine invertebrates, 
especially in the Baltic and Mediter- 
ranean areas. In view of Finland’s ex- 
tensive paper industry, sulfite pollution 
of lakes and streams received special at- 
tention. Demonstration trips on the re- 
search vessel Aranda and sightseeing 
tours of the skerries off Helsinki were 
also conducted during the first week. 

Following the Helsinki sessions, most 
of the congress registrants participated 
in a 5-day congress excursion in south- 
western Finland by train, bus, and boat. 
A wide variety of lakes were visited as 
well as paper factories, pollution sites, 
and the Tvarminne Zoological Station 
in its unique situation in the compli- 
cated system of skerries of the Gulf of 
Finland. 
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Upon returning to Helsinki, the con- 
gress registrants met in final business ses- 
sion, U. D’Ancona (Italy) was elected 
president, and T. T. Macan (England) 
continues as_ secretary-treasurer. The 
14th congress is scheduled to meet in 
Austria in 1959, 

An 8-day post-congress excursion by 
train, bus, and boat took about 120 par- 
ticipants from Helsinki through eastern 
and northern Finland as far as Tornio 
or Kilpisjarvi. Noteworthy lakes and 
streams, as well as paper and plywood 
factories, polluted areas, copper mines, 
and hydroelectric stations, were visited. 

An outstanding feature of the con- 
gress and the excursions was the pre- 
cise timing and highly commendable 
organization, especially in view of the 
complex meal and travel facilities nec- 
essary for such a large group during field 
trips and excursions. 

Rosert W. PENNAK 
Department of Biology, 
University of Colorado, Boulder 


Meeting Notes 


® At the recent meeting of the Ecological 
Society of America at Storrs, Conn., a 
Section of Animal Behavior and Socio- 
biology was formally organized. The pur- 
pose of this section is to advance, coordi- 
nate, and assist research and publications 
on the subject of animal behavior and 
social organization basic to theoretical 
science and human welfare, and to act as 
a liaison agency between workers in the 
various scientific fields concerned. At its 
first organizational meeting, the section 
elected the following officers: chairman, 
J. P. Scott of Roscoe B. Jackson Me- 
morial Laboratory; vice chairman, A. M. 
Guhi of Kansas State College, and secre- 
tary, M. W. Schein of Pennsylvania State 
University. 

The section immediately concerned 
itself with three major problems in the 
field of behavior studies: publications, 
terminology, and teaching. Lester R. 
Aronson, the American Museum of Natu- 
ral History, was named as chairman of a 
committee to continue the search for new 
publication outlets for papers dealing 
with animal behavior. A. M. Guh!, Kan- 
sas State College, was appointed chair- 


man of a Committee on Glossary and 
Terminology designed to help alleviate 
the confusion caused by coining new 
terms or misusing old ones. W. N. Etkin, 
Albert Einstein College of Medicine, was 
named as chairman of a committee to 
look into the needs and possibilities of 
publishing a textbook on animal behavior 
and sociobiology aimed at the upper-class 
or early graduate student level. 

A tentative list of members of the sec- 
tion shows a wide variety of interests, 
covering every form of animal life as well 
as the more generalized biological fields. 
Persons interested in any phase of be- 
havior studies are invited to become 
members. Any member of any class of 
the Ecological Society of America may 
become a member merely by writing to 
the secretary of the section; there are no 
additional dues. Others may join the sec- 
tion by becoming members of the Eco- 
logical Society (associate member: $2) 
and then informing the secretary of the 
section of their action. Further informa- 
tion may be obtained from the secretary. 


™ Seventeen scientists from eight foreign 
countries will be among 52 leaders in 
ozone research who will speak at the 
first International Ozone Conference to 
be held in the United States. They will 
present 20 of the 60 papers on the funda- 
mental and applied chemistry of ozone 
that will be delivered at the conference, 
which will take place 28-30 Nov. at the 
Sheraton Hotel in Chicago, Ill. The Na- 
tional Science Foundation is cooperating 
with Armour Research Foundation of 
Illinois Institute of Technology and other 
American sponsors in bringing the scien- 
tists to America. The speakers from each 
of the countries follow. 

Germany. W. Partmann of the State 
Research Institute for Food Processing, 
Karlsruhe; R. Criegee, Institute for Or- 
ganic Chemistry, Karlsruhe; and- A. 
Ehmert of Max Planck Institute, Weis- 
senau. 

Switzerland. Albert Torricelli, a con- 
sultant on chemistry and hygiene in 
Berne; and Emile Briner of the Univer- 
sity of Geneva. 

France. P. Guinvarc’h, chief engineer 
of the Paris Municipal Water Works; P. 
Frison of Paris, water filtration plant en- 
gineer for Trailigaz, which builds and 
operates water plants; and Andre Ber- 
nanose of the University of Nancy. 

England. R. M. Goody, department of 
meteorology, Imperial College, London; 
R. W. Lunt, honorary lecturer on chemi- 
cal engineering, University College, Lon- 
don; and A. W. Brewer, Clarendon Labo- 
ratory, Oxford. 

Japan. Hiroshi Otsuki, managing di- 
rector of Nippon Ozone Company, 
Tokyo; E. Inoue, Tokyo Institute of 
Technology, and Y. Miyaka, of the Me- 
teorological Research Institute, Tokyo. 
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Holland. J. P. Wibaut, director of or- 
ganic chemistry research laboratory, Uni- 
versity of Amsterdam. 

India. N. A. Ramaiah, head of the de- 
partment of physical chemistry, Indian 
Institute of Sugar Technology, Kampur. 

Argentina. Hans Schumacher, director 
of the research institute at the University 
of LaPlata at LaPlata. 

In addition, a paper prepared by L. 
Mester of the University of Technical 
Sciences at Budapest, Hungary, will be 
read. 

American participants in the confer- 
ence will represent a broad range of or- 
ganizations concerned with developments 
in ozone research, including colleges and 
universities, research institutions, indus- 
trial concerns, and national and city gov- 
ernment. A major purpose of the con- 
ference, according to its chairman, Clark 
E. Thorp, manager of Armour Research 
Foundation’s chemistry and chemical en- 
gineering research department, will be 
consideration of industrial applications 
of ozone, both current and potential, as 
well as the fundamental chemistry of 
ozone and its biological effects. For addi- 
tional information, write to Sidney Mit- 
tler, Armour Research Foundation, 10 
W. 35 St., Chicago 16, Ill. 


"The seventh Conference for Agricul- 
tural Services in Foreign Areas, spon- 
sored by the U.S. Department of Agri- 
culture, the International Cooperation 
Administration, and the land-grant col- 
leges, was held 22-24 Oct. in Washing- 
ton, D.C. Other participants were the 
State Department, various private foun- 
dations, agricultural attachés of foreign 
embassies, and interested private firms. 


"The Flavor Laboratory of Arthur D. 
Little, Inc., will inaugurate, on 19 Nov., 
a series of symposia on flavor research as 
a part of the company’s 70th anniversary 
celebration. The first symposium, to be 
held in Cambridge, Mass., will present 
a broad picture of the current state of 
flavor research and its industrial appli- 
cations, Little has engaged in flavor and 
odor research for more than a quarter of 
a century. Because this field has grown 
so rapidly in recent years, A.D.L. is spon- 
soring this series of 1-day conferences to 
enable those with a professional interest 
in the field to keep abreast of develop- 
ments. 

At the first symposium, Lloyd M. 
Beidler, head of the physiology depart- 
ment at Florida State University, and 
Carl Pfaffman, professor of psychology 
at Brown University, will examine the 
basis of taste and smell. Taste testing in 
the laboratory and for consumers will be 
reviewed by Ernest E. Lockhart, scien- 
tific director of the Coffee Brewing In- 
stitute, and George F. Garnatz, director 
of the Kroger Food Foundation. Eric J. 
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Hewitt, vice president of Evans Research 
and Development Corporation, will dis- 
cuss applications of physiochemical re- 
search on flavor. 

In the evening, the group will hear 
Richard L. Hall, McCormick and Com- 
pany’s research director; Robert Heggie, 
vice president of the American Chicle 
Company; and Robert K. Hower, re- 
search director of the National Biscuit 
Company, tell of positive approaches 
their companies have taken to flavor 
problems. Three other conferences con- 
cerned with laboratory flavor testing, 
consumer testing, and physiochemical re- 
search on flavor are planned for next 
year. 


Society Elections 


® Arctic Branch, Alaska Division, AAAS: 
pres., Ivar Skarland, University of 
Alaska; v. pres., Charles J. Keim, Uni- 
versity of Alaska; sec.-treas., Carol 
Juedes, Geophysical Institute, University 
of Alaska. 


® Association for Computing Machinery: 
pres., J. W. Carr, III, University of 
Michigan; v. pres., R. W. Hamming, 
Bell Telephone Laboratories; sec., J. 
Moshman, Bell Telephone Laboratories; 
treas., C. Concordia, General Electric 
Company. 


"Botanical Society of America, Inc., 
1957; pres. George S. Avery, Brooklyn 
Botanic Garden, Brooklyn, N.Y.; v. pres., 
Paul Weatherwax, Indiana University; 
sec., Harold C. Bold, Vanderbilt Univer- 
sity, Nashville 5, Tenn.; treas., Harry J. 
Fuller, University of Illinois, Urbana. 


™ American Society of Parasitologists: 
pres., Gilbert F. Otto, Abbott Labora- 
tories; pres.-elect, A. C. Walton, Knox 
College; v. pres., Allen McIntosh, Agri- 
cultural Research Service, U.S. De- 
partnrent of Agriculture; sec., Paul E. 
Thompson, Parke-Davis and Co.; treas., 
Robert M. Stabler, Colorado College. 


"American Society of Civil Engineers: 
pres., Mason G. Lockwood, Lockwood, 
Andrews and Newman, Houston, Tex. 
The vice presidents are Francis S. Friel, 
Albright and Friel, Inc., and Norman R. 
Moore, Mississippi River Commission. 


Forthcoming Events 


November 


26-28. American Soc. of Refrigerating 
Engineers, Boston, Mass. (R. C. Cross, 
ASRE, 234 Fifth Ave., New York 1.) 

26-30. Automation Exposition, 3rd in- 
tern., New York, N.Y. (TIAE, Richard 


Rimbach Associates, Inc., 845-A Ridge 
Ave., Pittsburgh 12, Pa.) 

27-30. American Medical Assoc., clini- 
cal, Seattle, Wash. (G. F. Lull, AMA, 535 
N. Dearborn St., Chicago 10, Ill.) 

27-30. National Chemical Exposition, 
9th, Cleveland, Ohio. (American Chemi- 
cal Soc., 1155 16 St., NW, Washington 6, 
D.C.) 

28-30. American College of Cardiology, 
5th interim, Pittsburgh, Pa. (P. Reichert, 
ACC, Empire State Bldg., New York, 
N.Y.) 

28-30. International Conf. on Ozone, 
Ist, Chicago, Ill. (C. E. Thorp, Armour 
Research Foundation, 35 W. 33 St., Chi- 
cago 16.) 

29-30. Veterinary Symposium on “Meti- 
Steroids,” New York, N.Y. (J. C. Siegrist, 
Schering Corp., Bloomfield, N.J.) 

30. American Rheumatism Assoc., Be- 
thesda, Md. (E. F. Hartung, 580 Park 
Ave., New York, N.Y.) 

30-1. Oklahoma Acad. of Science, Still- 
water. (D. E. Howell, Entomology Dept., 
Oklahoma A. & M. College, Stillwater, 
Okla. ) 

30-1. Tennessee Acad. of Science, Mur- 
freesboro. (D. Caplenor, Dept. of Biology, 
Peabody College, Nashville 4, Tenn.) 


December 


2. American Acad. of Dental Medicine, 
11th mid-annual, New York, N.Y. (A. 
Reiner, 114-01 201 St., St. Albans 12, 
N.Y.) 

2-7. _ Radiological Soc. of North 
America, Inc., annual, Chicago, Ill. (D. 
S. Childs, 713 E. Genesee St., Syracuse 2, 
N. Y:) 

3-8. International Cong. on Rockets 
and Guided Missiles for Continental and 
Telecommunications Connections, Paris, 
France. (Assoc. for the Encouragement of 
Aeronautical Research, rue de Courtly 1, 
Paris 7°.) 

5. Recent Advances in the Chemistry of 
Natural Products, 8th annual Ciba Foun- 
dation Lecture, London, England. (G. E. 
W. Wolstenholme, 41 Portland Place, Lon- 
don, W.1.) 

5-7. Instrumentation Conf., 2nd, Inst. 
of Radio Engineers, Atlanta, Ga. (M. D. 
Prince, Engineering Experiment Station, 
Georgia Inst. of Technology, Atlanta. ) 

6. Amino Acid Imbalance in Nutrition, 
Assoc. of Vitamin Chemists, Chicago, Ill. 
(M. Freed, Dawe’s Laboratories, Inc., 
4800 S. Richmond St., Chicago 32.) 

6-7. American Astronautical Soc., 3rd 
annual, New York, N.Y. (N. V. Petersen, 
AAS, 516 Fifth Ave., New York 36.) 

6-8. American Phytopathological Soc., 
annual, Cincinnati, Ohio. (G. S. Pound, 
Dept. of Plant Pathology, Univ. of Wis- 
consin, Madison. ) 

6-9. American Psychoanalytic Assoc., 
New York, N.Y. (J. N. McVeigh, APA, 
36 W. 44 St., New York 36.) 

7-8. Association for Research in Nerv- 
ous and Mental Disease, annual, New 
York, N.Y. (R. J. Masselink, 710 W. 168 
St., New York 32.) 

8-11. American Acad. of Optometry, 
annual, Houston, Tex. (C. C. Koch, 1506 
Foshay Tower, Minneapolis 2, Minn.) 

(See issue of 19 October for comprehensive list) 
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“If You’ve Used High Vacuum 


You'll Really Appreciate These New 




















We Need 
FIVE ENTHUSIASTIC 
ENGINEERS 
To Help Us Keep Growing. 
Mechanical, electrical and 
chemical engineers who hon- 
estly enjoy solving novel 
problems in brand new 
fields are offered new re- 
sponsibilities and more stimu- 
lating work. Write Mr. David 
Tobin or call De 2-5800. 
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NRC High Vacuum Components” 


‘They'll make your life easier... your vacuum system more productive. 


‘Take this new NRC Model 520 Alphatron® lonization Vacuum 
Gauge. Its six scales cover the range from 1000 millimeters to 0.1 micron 
with accuracy better than +2%. It's especially suitable for use with re- 
corders because drift is negligible despite wide line voltage variation. It's 


SS 
EQUIPMENT 
CORPORATION 


rugged. Jolt the head, subject it to vibration, you still get accurate readings, 
and it's less subject to contamination than any other high vacuum gauge. 


“This new A-2-P Air-cooled Purifying Diffusion Pump has 
speed, blankoff, and forepressure tolerance ranking with the best two- 
inch diffusion pumps without the complications of a water-cooled 
system. What's more, you can air release it while it’s still hot. 


‘The NRC Rotary Gas Ballast Pump equals any mechanical 
pump under ideal conditions but continues to do the same job even 
when pumping 100% water vapor or many other condensable vapors. 


*‘We've found the importance of components like these through 
years of building and operating high vacuum systems and 


equipment. Why not take advantage 
of our experience?” 


NRC EQUIPMENT CORPORATION 
A Subsidiary of 
NATIONAL RESEARCH CORPORATION 
Dept. 2510, Charlemont St., Newton Highlands 61, Massachusetts 
Send me Data Sheet on Vacuum Gauges 1] Diffusion Pumps 0 Rotary 


Gas Ballast Pumps 1) 
Have your representative cal! (] 
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EQUIPMENT NEWS 


All inquiries concerning items listed 
here should be addressed to Science, 
Room 604, 11 W. 42 St., New York 36, 
N.Y. Include the name(s) of the manu- 
facturer(s) and the department num- 
ber(s). 


™ DIGITAL RATEMETER can be used with 
scintillation counters, Geiger tubes, and 
proportional counters. A high-voltage 
supply that is variable from 300 to 3000 
v provides current to operate the auxili- 
ary detectors. Input sensitivity is adjust- 
able from 0.2 to 5.0 v. Range is from 0 
to 100,000 counts. Time of read-out can 
be varied from approximately 1.5 sec to 
5.0 sec as desired. At the end of each 
read-out period, the instrument auto- 
matically resets itself and displays.a new 
rate of count. (Technical Associates, 
Dept. S96) 


®@ ELECTROMECHANICAL MANIPULATOR is 
designed to provide fully remote opera- 
tion. The distance between the operator 
and the “slave” is determined by the 
length of the interconnecting electric 
cable. A television monitor can be used 
to present a display at the control con- 
sole. Electric controls for indexing and 
locking the manipulator are provided. 
(Borg-Warner Corp., Dept. S97) 


™ X-RAY DIFFRACTION BROCHURE discusses 
basic theory (Bragg’s law), definitions, 
analytic advantages, and applications in 
metallurgy, chemistry, mineralogy, phys- 
iology, pathology, and biology. Included 
are typical patterns of Laue, rotating 
crystal, and powder methods of crystal 
study. (General Electric Co., Dept. $41) 


™ HEAT-RESISTANT RUBBER withstands 
swelling by fuels and oils. Hardness, 
tensile strength, and elongation are com- 
parable to other silicone rubbers. (Dow 
Corning Corp., Dept. S42) 


™COLORIMETER permits color-difference 
determination in temperature-sensitive 
materials and in dusty atmospheres. A 
cooling system and an air filter are pro- 
vided. The apparatus performs the func- 
tions of an abridged spectrophotometer 
and a tristimulus colorphotometer in 
analyzing color formulations, determin- 
ing metameric conditions, and measur- 
ing color differences in hue, value, and 
chroma. (Instrument Development Lab- 
oratories, Inc., Dept. S43) 


™@ WATER DEMINERALIZER is a table-model, 
ion-exchange device for direct-faucet 
connection. A direct-reading meter, cali- 
brated in ohms per cubit centimeter and 
in parts per million indicates the quality 
of water being delivered at flow rates of 
approximately 1 gal min. (Ion-Exchange 
Products, Dept. S44) 
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VIBRATING REED ELECTROMETER devel- 
oped for measurement of small d-c cur- 
rents and voltages at high impedance has 
a stability of +1 mv, sensitivity of 0.03 
uua, four ranges, three inputs, and suffi- 
cient output to operate with a l-ma or 
100-mv recorder. The instrument is made 
by Ekco Electronics, Ltd., in England, 
and operates on 110 or 220-v, 40 to 60 
cy/sec electric power. (American Tra- 
dair Corp., Dept. S95) 


"PUG MILL MIXER for laboratory use 
has a variable-speed drive of 20 to 30 
rev/min. The instrument is driven by a 
0.75-hp motor. (Lindcraft Corp., Dept. 
S45) 


™ STAINLESS-STEEL EQUIPMENT for han- 
dling radioisotopes used in biology is de- 
scribed in a new bulletin. Among the 
units described are a back-mounted in- 
cubator, a biological refrigerator, a mi- 
crobiological filter canister, refrigerated 
centrifuge, autoclave, and hood. All items 
are of modular design. (S. Blickman, 
Inc., Dept. $94) 


™ MICROTOME KNIFE SHARPENER UuS€S a 
revolving glass wheel as the sharpening 
surface and a soap solution as coolant 
and vehicle for the abrasive. The knife 
is manually applied, and the rotational 
speed of the wheel is set at a fixed opti- 
mum for sharpening and for prevention 
of burning or chipping. There is a mi- 
crometer for adjusting the bevel angle 
of the knife. (Research Specialties Co., 
Dept. S80) 


® DIRECT-WRITING OSCILLOGRAPH provides 
instantaneous, permanent recordings of 
frequencies as high as 250 cy/sec at 1-in. 
double amplitude. The Datagraph, which 
has high input impedance, employs a 
vibrating wire in a magnetic field. The 
wire burns a contact wherever it touches 
the electrosensitive paper as it travels 
over an anvil, providing rectilinear writ- 
ing. Speed-change pushbuttons select six 
chart-speeds, and separate control knobs 
set the trace density for each of the two 
channels. Both the oscillograph and the 
companion amplifier operate on standard 
electric power. (Consolidated Electro- 
dynamics Corp., Dept. S82) 


™ SHIELDING BRICK made of transparent 
plastic permits observation of processes 
that involve use of high-level sources of 
radioactivity. Bricks are hollow blocks; 
they have a sealable hole through which 
zinc bromide is introduced to provide 
shielding. (P. M. Lennard Co., Dept. 
S93) 


™ STOCHASTIC GENERATOR is capable of 
continuous production of random num- 
bers at 10 per second and may be used 
as a computer accessory. (Loyola Labo- 
ratories, Dept. S47) 




































































New Information 


on 
HIGH VACUUM 


Components, Equipment, 
Systems 


Brochures listed below give engineering data 
and application information on NR C high 
vacuum products. These products offer un- 
paralleled reliability, productivity, and ease 
of operation. They incorporate features which 
result from experience gained from nearly 
two decades of designing, building, and op- 
erating high vacuum equipment. 


P3—Mechanical Pumps—NRC Rotary Gas 
Ballast pumps maintain peak efficiency even 
when pumping 100% water and other con- 
densable vapors . . . have paid for them- 
selves in 3 years by oil savings alone. 


MBIi—Mechanical Booster High Vacuum 
Pumps—The NRC Series 4700 pumps provide 
peak speeds over the broad pressure range 
5-2200 microns. Seven models. Capacities 
1000-12,000 CFM. 


DP2—Oil and Mercury Booster and Dif- 
fusion Pumps—Unusually easy to maintain 
. . . long-lived . . . these pumps give top 
performance despite normal variations in op- 
erating conditions. 


G4— High Vacuum Gauges — Outstanding 
among NRC's line of Thermocouple, loniza- 
tion, and Pirani Gauges is Model 520 Alpha- 
tron ® lonization Vacuum Gauge with a 10° 
to 1000 mm Hg. range. 


V1—High Vacuum Valves NRC offers hand 
or air-operated air-release, clapper, slide, 
throttling, and bellows or O-Ring sealed, 
globe, angle and wye high vacuum valves. 
Sizes Ye” to 24”. 


S1—Vacuum Seals and Feed Throughs— 
There is a complete line of NRC vacuum- 
tight devices for introducing electricity or 
motion into a vacuum system. 


F2—Vacuum Furnaces—Efficient, depend- 
able and easy operation are features of NRC 
High Vacuum Arc, Induction and Resistance 
Furnaces. Standard Models of capacities from 
2 to 2000 Ibs. are now being used in all types 
of melting and heat treating. 


- 


A2—Vacuum Analytical Equipment—The 
NRC Model 912 Vacuum Fusion Gas Analysis 
Apparatus and the NRC Model 917 Hydrogen 
in Titanium Determinator are industry's 
standards for determining gas content of 
metals. 

FD3—Freeze Drying Equip t—Designed 
for reliability and operator con e, the 
complete Freeze Dry line includes laboratory, 
pilot plant and production-sized models. 


NRC EQUIPMENT CORP. 


A Subsidiary of 
NATIONAL RESEARCH CORP. 








Dept. 5B, Newton 
Charlemont Highlands, 
St. Mass. 
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™ COUNTER-CURRENT APPARATUS  uSeS 
three-phase solvent-system combinations 
and provides for automatic or manual 
shaking. (Laboratory Glass and Instru- 
ment Corp., Dept. $48) 


™ MULTIENVIRONMENT TEST CHAMBER 
produces temperatures ranging from 
-—100° to +400°F and maintains them 
during operation to within +2 Fahren- 
heit degrees accuracy. The stainless-steel 
chamber has a capacity of 12 ft®. (Man- 
tec, Inc., Dept. S46) 


® prpETTE allows centrifugation of a blood 
sample for hematocrit determinations 
while the sample is still in the pipette. 
The pipette is calibrated in sedimentation 
rates and hematocrit scales. A U-shaped 
bore prevents the blood from being ex- 
pelled during centrifugation. (Delmar 
Scientific Co., Dept. S87) 


™ DELAY LINE model 403, designed for use 
as a component or as test equipment in 
computer and radar systems, is continu- 
ously variable over its delay range from 
zero to 0.70 usec. Attenuation is less than 
1.0 db; resolution is better than 0.001 
usec; maximum rise time is 0.060 usec; 
and impedance is 500 ohm. (ESC Corp., 
Dept. S78) 


HTYGON FLEXIBLE PLASTIC TUBING is de- 
scribed in a 28-page booklet that covers 
each of the formulations of Tygon tub- 
ing. Applications and limitations of each 
formulation are presented, as well as 
physical properties and chemical resist- 
ances. (U.S. Stoneware Co., Dept. $83) 


MAIR SAMPLER has an automatic flow 
control that compensates for changes in 
the resistance of the filter. (Mine 
Safety Appliance Co., Dept. S84) 
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GLASS BLOWING ON THE GLASS LATHE 
is the title of a manual on the basic tech- 
niques of using a glass lathe. (Bethlehem 
Apparatus Co., Inc., Dept. S92) 


® RESISTORS that can operate at tempera- 
tures up to 200°C are now available 
with increased resistance ranges. Maxi- 
mum resistance has been increased in the 
%-watt size to 100,000 ohm, in the 
l-watt size to 400,000 ohm, and in the 
2-watt size to 1 Mohm. (Corning Glass 
Works, Dept. S75) 


M LINEAR ACCELERATOR, Which is to be 
used in sterilization programs, has been 
adapted to full-scale production-line ap- 
plication and is now undergoing final 
tests prior to shipment. The accelerator 
has electron-beam power outputs of ap- 
proximately 2 kw at 2.5 Mev and 4 kw 
at 5 Mev. At reduced power, the ma- 
chine will operate at voltages up to 7 
Mev. Another model has power outputs 
of 2 kw at 6 Mev and 4 kw at 10 Mev. 
This unit will operate at voltages up to 
14 Mev at reduced power. (High Volt- 
age Engineering Corp., Dept. S50) 


@ RARE EARTH OXIDES imported from the 
laboratories of Johnson, Matthey and 
Co., Ltd., London, England, are avail- 
able in various grades and chemical 
forms ranging from spectrographically 
certified purity as high as 99.998 percent 
down to lower grades. In addition to 
oxides, an assortment of rare earth salts 
are available, as well as several metals. 


(Jarrell-Ash Co., Dept. S81) 


M SILICON RECTIFIERS with welded-case 
construction and an operating level of 
1500 v operate stably at temperatures up 
to 150°C and have forward current rat- 
ings up to 125 ma. The single-element, 
grown junction rectifiers are available in 
axial and stud half-wave models. (Texas 
Instruments, Inc., Dept. $79) 


@ NEEDLE VALVES made of Teflon plastic 
can be used with all types of laboratory 
glassware when micro measurements are 
required. A catalog describes various op- 
erational uses in chromatography and 
other fields. (Emil Greiner Co., Dept. 
$85) 


ULTRAVIOLET RADIATION SOURCE de- 
signed for use in chromatographic pro- 
cedures operates at a wavelength of 3660 
A. A 5-in., heat-resistant, red-purple 
filter removes visible wavelengths. (Black 


Light Corp., Dept. $88) 


® CENTRIFUGE permits separation of 160- 
ml samples at 20 speeds up to 25,000 
rev/min and with a force up to 50,000 
g. The unit can be operated without re- 
frigeration. A variety of rotors with ca- 
pacity up to 1 liter is available. (Beck- 
man Instruments, Dept. S91) 
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Check list of Your Laboratory Needs 






Partial List of the Finest Instruments, Apparatus and Reagent 
Chemicals Stocked by Seven Strategically Located Fisher Plants 


BALANCES 
Ainsworth 
Christian Becker 
Fisher 

Gram-atic 
Mettler 


CALORIMETERS 


Emerson 
Parr 


CENTRIFUGES 


Fisher 
International 


CHEMICALS 
Fisher 

B.B.L. Media 

Difco Media 

Eastman Organics (DPI) 


COLORIMETERS 


American Optical (Spencer) 


Bausch & Lomb (B&L) 


Ohaus 
Seederer-Kohibusch 
Torsion 

Voland 


Precision 


Precision 
Sharples 


National Aniline Stains 
& Dyes 
Travenol Sera 


Beckman 
Fisher 


CRUSHERS, GRINDERS, 


PULVERIZERS, MILLS 
Braun U. S. Stoneware 
Fisher Wiley 


DISTILLATION EQUIPMENT 


American Sterilizer 
Barnstead 


Precision 
Stokes 


ELECTROPHORESIS APPARATUS 


- Spinco 


FILTER PAPER 
Fisher 

Munktells 

Reeve Angel 


Welch 


Schleicher & Schuli 
Whatman 


FURNACES AND OVENS 


Burrell 
Fisher 
Hevi-Duty 
Hoskins 


FURNITURE 


Fisher Unitized (from stock) 


Lindberg 
Precision 
Sentry 
Temco 


GAS-ANALYSIS APPARATUS 


Beckman 


Fisher 


GLASSWARE AND PORCELAIN 


Coors 


Corning (Pyrex and Vycor) 


Fisher 
Kimble (Exax and Normax) 


HEATERS, HOTPLATES 


pH METERS 


Beckman 


METALLOGRAPHIC EQUIPMENT 


American Optical (Spencer) Fisher 
Bausch & Lomb (B&L) Precision-Jarrett 


MICROSCOPES & ACCESSORIES 


American Optical (Spencer) 
Bausch & Lomb (B&L) 


Silge and Kuhne 


PETROLEUM-TESTING EQUIPMENT 


Fisher /Tag Precision 


PUMPS—VACUUM & PRESSURE 


Cenco Welch 
Fisher 


REFRACTOMETERS 


American Optical (Spencer) Fisher 
Bausch & Lomb (B&L) 


SPECTROPHOTOMETRIC EQUIPMENT 


Beckman Fisher-Todd 


Bausch & Lomb (B&L) 


STERILIZERS & INCUBATORS 


American Sterilizer Precision 
Fisher 

STIRRERS 

Eastern Precision 
Fisher Waring 


Mixco (Lightnin’) 


TITRATION EQUIPMENT 


Beckman 
Fisher 


Precision 


« VISCOMETERS 


Fisher Stormer 
Fisher /Tag 


WATER BATHS 


Fisher Precision 


Cee eee eee ee eH EH ERE HEHEHE HEE ED 


FOR MORE DETAILS... 


Bulletins covering the above products, in j 





Fisher Lindberg detail, are available on request. Write: + 
Glas-col (Mantles) Precision 139Fisher Building, Pittsburgh 19, Pa. ° 
Hoskins Temco eeeeeveeeeeeeeeeeeeeeeeeeeeee eee te 
America's Largest Manvfacturer-Distributor of Laboratory Appli t Ch 
Boston Cleveland Philadelphia Washington 
Buffalo : Detroit Pittsburgh Montreal 
B-20 Chicago New York St. Louis Toronto 





if by machine 
Alconox the world famous hospital 
and laboratory detergent now has 
a twin brother. 

Whether you wash your delicate 
glassware, instruments and equip- 
ment by hand or by machine, 
we have the product that will 
do the job faster, better and safer 
than any detergent now on the 
market. 

Paul Revere’s message was dic- 
tated by the signal from Old North 
Church. 

Your decision is dictated by the 
washing method your laboratory 
uses. 


ALCONOX for all 

equipment washed by hand: 
ALCO JET for all 

equipment washed by machine: 


Alconox available in: 


Box of 3 Ibs.—price $ 1.95 
Carton (12 boxes of 3 Ibs.) 18.00 
Drum of 25 Ibs. Ib, .45 
Drum of 50 Ibs, Ib. .40 
Drum of 100 Ibs, ib, .40 
Barrel of 300 Ibs. Ib. 37 


(slightly higher on West Coast) 
Alcojet available in: 


Box of 5 Ibs.— $ 3.00 
Case (6x5 Ibs.) 15.00 
Drum of 25 Ibs, i. ane 
Drum of 50 lbs. i. 2 
Drum of 100 Ibs. Ib. 40 
Drum of 300 Ibs. ib; ...37 


(slightly higher west of the Rockies) 


Order from your favorite supplier 
or write for literature and samples. 


ALCONOX,:%. 


61-63 CORNELISON AVE., JERSEY CITY 4, N. J. 
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™ THERMISTOR THERMOMETER has six 
separate channels, each provided with 
five different temperature ranges. The in- 
strument covers the range from 30°F to 
110°F in overlapping increments of 20°. 
Accuracy is +0.25°F. The portable unit 
has a mercury battery, and thermistor 
probes can be used either locally or re- 
motely. (Yellow Springs Instrument Co., 
Dept. S86) 


™ HYDROMETERS for measuring specific 
gravity or making other density meas- 
urements are available in sets with vari- 
ous calibrations. (Princo Thermometer 
Co., Dept. S90) 


™cuP SINK made of polyethylene is de- 
signed to fit in standard laboratory 
counter tops. It is of standard oval shape 
and measures 3 by 6 in. A '4-in., pipe- 
threaded tail piece is provided. (Ameri- 
can Agile Corp., Dept. S89) 


@ RADIOACTIVITY MONITOR with fixed or 
moving filter automatically measures 
and records airborne radioactivity and 
warns by light and bell when preset lim- 
its are exceeded. The mobile unit will 
operate unattended for 7 to 10 days, and 
it can follow either short-term, high- 
level radioactivity or more slowly chang- 
ing, low-level radioactivity. A flexible 
collecting and counting arrangement is 
provided for immediate continuous 
counting, delayed continuous counting, 
immediate step-wise counting, or de- 
layed step-wise counting. Features in- 
clude a_ positive-displacement pump, 
count-rate meter, variable-speed chart 
recorder, and a lead counting chamber 
2 in. thick. (Nuclear Measurements 
Corp., Dept. $52) 
MCERAMIC PERMANENT MAGNETS have 
the following properties: high resistivity, 
low specific gravity, high potential 
energy, and low incremental permeabil- 
ity. Indox I magnets are nonconductors 
and are hard, brittle, and lighter in 
weight than magnets made of metallic 
alloys. (Indiana Steel Products Co., 
Dept. S49) 


™@GALVANOMETER SHUNT is intended to 
provide greater range for sensitive gal- 
vanometers. The redesigned Fisher Ayr- 
ton shunt contains carbon-metallic film 
resistances with individual tolerances of 
+1 percent. It has nine switch settings 
from 1x to 500x. (Fisher Scientific Co., 
Dept. S51) 


™ METALLIC COPPER IN LACQUER SOLUTION 
is the basis of a new colloidal dispersion 
that is designed for plating nonconduc- 
tors. The dispersion can be applied by 
spray or brush. No baking is required. 
The film will air-dry and can be han- 
dled within a few minutes. (Acheson 
Colloids Co., Dept. S59) 








Intermediate 
and Senior Level 
Openings in 
Reactor Shielding 
Microwaves 
Solid State Physics 
Radar Systems 


TECHNICAL 


RESEARCH 
GROUP 


Several positions are open in 
Technical Research Group’s perma- 
nent staff. Qualified scientists can 
choose from among present programs 
on radar systems and components, 
nuclear resonance, electro-magnetic 
theory, nuclear reactors, and air- 
borne reactor shielding. These and 
other programs of study and develop- 
ment continue to provide opportun- 
ities for diversified work. 


Organized in 1953, TRG now 
has a full time technical staff of fifty, 
one-third of whom are at the PhD 
level. Offices, laboratories, and model 
shop are centrally located in New 
York City. 


Company employee policy en- 
courages continued education at 
nearby universities and provides for 
liberal vacation, holiday, and sick 
leave benefits 
in addition to 
free medical, 


di NICAI 
hospital, and Pe H : 
life insur- RESEARCH 
ance. GROUP 


17 UNION SQUARE WEST 
New York 3, N.Y. © WAtkins 4-4363 








from Michigan 








Kenneth Boulding 


THE IMAGE: 


Knowledge in Life 
and Society 
$3.75 September 


SCIENTIFIC USES OF 
EARTH SATELLITES 


Y 
| | 
l | 
l | 
l | 
| | 

| 
| | 
| | 
| | 
| | 
| | 
| | 
| Edited by | 
| J. A. Van Allen | 
| | 
| | 
| | 
| | 
| | 
| | 
l | 
| | 
| | 
| 

| 
| | 
| | 
| | 
| | 
| | 











$10.00 November 





THEORY OF 
LAND LOCOMOTION 


The Mechanics of 
Vehicle Mobility 
$12.50 November 











From your Bookseller 
or 
The University 
of Michigan 
Press 
Ann Arbor 
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™@ ELECTRONICS-DATA HANDBOOK gives in 
64 pages a selected collection of often- 
needed formulas and data used in radio 
and industrial electronics. Formulas in- 
clude those needed for basic circuit 
analysis, transmission-line calculations, 
determination of vacuum-tube charac- 
teristics, resonance calculations, meter 
calculations, and so on. (Allied Radio 
Corp., Dept. S38) 


™ PORTABLE SCALER, for use with Geiger- 
Miiller tubes and scintillation counters, 
weighs 24 lb. A high-voltage supply that 
is stable within 3 v and a built-in timer 
to collect counting-rate data are pro- 
vided. Permitting lower-energy gamma 
rays to be screened out, the direct-read- 
ing scaler permits the operator to dis- 
criminate against backscatter radiation 
in gamma-ray measurements. (Berkeley 
Division of Beckman Instruments, Dept. 
$39) 


@VIAL FILLER dispenses up to 8 oz of 
liquid per stroke and fills vials singly 
or in multiples of two, Free-flowing or 
semiviscous fluids, including aqueous so- 
lutions, oils, syrups, suspensions, and 
saturated solutions, may be dispensed 
at rates variable from 3 to 60 fills per 
minute. Volume of fill is adjustable from 
0.002 oz per stroke on a calibrated mi- 
crometer dial. (National Instrument Co., 
Dept. S40) 


™ PORTABLE MOISTURE DETERMINER for 
use in field stations, laboratories, or qual- 
ity-control points, weighs 22 lb and can 
analyze liquid, solid, and gaseous samples. 
Accuracy of determinations varies from 
+ 10 percent in the range of 0 to 100 ppm 
down to +0.2 percent in higher ranges. 
(Central Scientific Co., Dept. $35) 


®@ VAPOR-PHASE CHROMATOGRAPH can use 
microsamples and operate with adsorp- 
tion, gas-liquid partition, and reaction 
columns to handle a variety of com- 
pounds, including liquids with boiling 
points up to 325°C, The chromatograph 
will separate isomers of close boiling 
points and components in mixtures with 
wide boiling-point ranges. The instru- 
ment consists of a control unit and an 
analyzer, the former containing a power 
input and distribution system, a system 
for controlling carrier-gas flow, and de- 
tector circuit controls. A chromato- 
graphic column, a thermostatically con- 
trolled heating system, a detector, and 
a system for introducing the sample 
constitute the analyzer. The temperature 
of the analyzer is adjustable in a continu- 
ous range of from 60° to 250°C and is 
regulated to within 0.5°C. An internal 
sample valve, which is heated to the 
temperature of the analyzer, controls the 
size of gas samples to within + 0.5 per- 
cent. (Consolidated Electrodynamics 
Corp., Dept. $37) 
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1 Liquid Scintillation Spectrometers 
2 Automatic Fraction Collectors 
3 Windowless and Flo-Window Counters 












TRI-CARB " 
LIQUID SCINTILLATION 1 : 
SPECTROMETERS 


For counting Tritium, Car- 
bon-14 and other beta emit- 
ting isotopes. 

Provides the most simple 
and convenient method for 
precise counting of beta sam- 
ples that gointosolution with 
liquid phosphors. 

Aqueous samples of vari- 





ous types may also be readily counted. Request 
Certain materials that are not soluble in liquid phos- Bulleti 
phors may be counted in suspensions. ; “o4 





AUTOMATIC 
FRACTION COLLECTORS 


For precise column chroma- 
tography. 

Provides both time and 
drop counting. Can be fur- 
nished for time operation 
only at commensurately low- 
er cost. 

Drops from column fall di- 
rectly into test tubes. There 
are no intermediate collect- 
ing vessels, glass arms, or 





funnels to cause mixing, contamination, evaporation, etc. Request 
This is important where accurate separations are required Bulletin 
or where radioactive tracers are used. 230 








WINDOWLESS AND 
FLO-WINDOW 
COUNTERS 


Both types can be used for . 
Geiger and proportional op- 
eration. 

Windowless Flow Counter, 
Model 200A, provides maximum 
sensitivity for counting solid sam- # 
ples which emit very soft radiations. | 
Has essentially unlimited life. Physi- 
cal arrangement of sample in cham- 
ber makes it possible to achieve full 
24 geometry. 

Flo-Window Counter, Model 210, features a very thin 
metalized window of Du Pont Mylar which offers a mini- 
mum of obstruction to low energy radiation. Isolates 
counting chamber from sample. Eliminates static charge, 200 
vapor effects, accidental contamination, etc. 
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INDEX OF ADVERTISED PRODUCTS 


Classified in the following pages are the products advertised in Science in the issues from 28 Oct. 1955 
through 19 Oct. 1956. This list is intended to aid laboratory workers in finding the manufacturers of all types 
of laboratory equipment and supplies. At the end of the classified list is a list of companies that advertised 
in “The Market Place” section during the period 28 Oct. 1955 through 19 Oct. 1956, An index of ad- 
vertisers in this issue appears on page 862. 


AMPLIFIERS 


General Electric Co. 
1956: 1 June, 962 

Tracerlab, Inc. 
1956: 13 July, 50 


ANALYZERS, RADIATION 


Nuclear Instrument and Chemical Corp. 
1956: 24 Aug., 346 

Tracerlab, Inc. 
1956: 18 May, 867 


ANIMAL FEED AND TEST DIETS 


Ralston Purina Co. 

1955: 2 Dec., 1052 

1956: 6 Jan., 4; 2 Mar., 383; 4 May, 
778 


ANIMALS, EXPERIMENTAL 


Carworth Farms, Inc. 
1955: 4 Nov., 891; 2 Dec., 1110; 30 
Dec., 1252 
Endocrine Laboratories of Madison, Inc. 
1955: 11 Nov., 902; 9 Dec., 1153 


ANTIBIOTICS SENSITIVITY 
INDICATORS 


Difco Laboratories 

1955: 18 Nov., 985; 16 Dec., 1164 

1956: 9 Mar., 398; 24 Aug., 379 
American Hospital Supply Corp., 
Scientific Products Div. 

1956: 17 Feb., 248 


AUTOCLAVES 


Castle, Wilmot, Co. 
1955: 11 Nov., 939 
1956: 9 Mar., 396 


AUTOTECHNICON 


Technicon Co. 
1955: 18 Nov., 946 


BALANCES 


Ainsworth, Wm., & Sons, Inc. 

1956: 13 Jan., 74; 3 Feb., 194; 2 Mar., 
386; 30 Mar., 555; 27 Apr., 762; 25 May, 
954; 22 June, 1140; 20 July, 136; 17 
Aug., 330; 14 Sept., 498 
Brinkmann, C. A., & Co. 

1956: 20 Jan., 120 
Central Scientific Co. 

1956: 3 Feb., 164; 6 Apr., 566 
Fisher Scientific 

1956: 5 Oct., 608 
Phipps & Bird, Inc. 

1955: 16 Dec., 1197; 30 Dec., 1287 

1956: 13 Jan., 44 
Standard Scientific Supply Corp. 

1956: 29 June, 1147 
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Thomas, Arthur H., Co. 

1956: 3 Feb., 200 
Welch, W. M., Manufacturing Co. 

1956: 6 Jan., 33; 2 Mar., 350; 1 June, 
1003; 3 Aug., 235; 5 Oct., 647 


BIRD REPELLENT 


Winthrop Laboratories 
1956: 6 July, 4; 24 Aug., 375 


BLOOD GAS APPARATUS 


Phipps & Bird, Inc. 
1955: 4 Nov., 888 


BLOOD-TYPING CARDS 


American Hospital Supply Corp., 
Scientific Products Div. 
1955: 2 Dec., 119 


BOOKS, JOURNALS, RECORDINGS 


Academic Press, Inc. 
1955: 2 Dec., 1110; 30 Dec., 1283 
1956: 17 Feb., 291 
American Geophysical Union 
1956: 14 Sept., 504 
Annual Reviews, Inc. 
1955: 18 Nov., 987; 16 Dec., 1200 
1956: 13 Jan., 78; 10 Feb., 204; 9 Mar., 
430; 13 Apr., 646; 18 May, 905; 15 June, 
1095; 20 July, 138; 10 Aug., 287; 21 
Sept., 552; 12 Oct., 699 
Beckman Instruments, Inc., Berkeley Div. 
1956: 3 Feb., 191; 2 Mar., 348; 6 Apr., 
606 
Behavioral Science 
1956: 6 Jan., 35; 13 Jan., 78; 20 Jan., 
118; 27 Jan., 158 
Biological Laboratory 
1956: 28 Sept., 600 
Bowker, R. R., Co. 
1956: 27 Apr., 763 
British Information Services 
1955: 2 Dec., 1111 
Cambridge University Press 
1955: 4 Nov., 889; 25 Nov., 1033 
1956: 3 Feb., 191; 4 May, 814; 13 July, 
91; 14 Sept., 501 
Columbia University Press 
1956: 13 Jan., 70 
Comstock Publishing Associates 
1955: 25 Nov., 1035; 23 Dec., 1247 
Cornell University Press 
1956: 17 Feb., 297 
Cornell University Records 
1955: 28 Oct., 847 
1956: 23 Mar., 515 
Grune & Stratton, Inc. 
1956: 13 Jan., 46 
Harper & Bros. Publishers 
1956: 27 Apr., 749 
Harvard University Press 
1956: 2 Mar., 390; 6 Apr., 606; 19 
Oct., 739 


Interscience Publishers, Inc. 

1956: 25 May, 951; 8 June, 1055 
Johns Hopkins Press 

1955: 16 Dec., 1198 

1956: 13 Jan., 75 
Johnson Reprint Corp. 

1956: 6 Jan., 35 
Lea & Febiger 

1955: 2 Dec., 1108 

1956: 27 Apr., 753 
Lippincott, J. B., Co. 

1956: 14 Sept., 499, 501 
Little, Brown & Co. 

1955: 25 Nov., 1029 

1956: 16 Mar., 473; 6 Apr., 599; 27 
Apr., 694; 18 May, 910 
Macmillan Co. 

1955: 2 Dec., 1101 

1956: 27 Apr., 701 
Macy, Josiah, Jr., Foundation 
Publications 

1956: 27 Apr., 766; 31 Aug., 416 
McGraw-Hill Book Co., Inc. 

1955: 28 Oct., 840; 4 Nov., 887; 11 
Nov., 935; 18 Nov., 978, 983; 25 Nov., 
1030; 2 Dec., 1102; 9 Dec., 1150; 16 
Dec., 1201; 23 Dec., 1242; 30 Dec., 1281 

1956: 27 Apr., 751 
Pergamon Press, Inc. 

1956: 27 Apr., 755, 757; 21 Sept., 547 
Philosophical Library 

1955: 18 Nov., 985; 9 Dec., 1152; 30 
Dec., 1279 

1956: 13 Jan., 73 
Prentice-Hall, Inc. 

1955: 11 Nov., 937; 16 Dec., 1203 

1956: 20 Jan., 119; 17 Feb., 296; 9 
Mar., 431; 13 Apr., 643; 12 Oct., 693 
Princeton University Press 

1956: 17 Feb., 292; 29 June, 1187 
Reinhold Publishing Corp. 

1956: 27 Apr., 754 
Ronald Press Co. 

1955: 4 Nov., 884; 2 Dec., 1106 

1956: 27 Apr., 756; 14 Sept., 503 
Saunders, W. B., Co. 

1955: 28 Oct., 811; 11 Nov., 899; 25 
Nov., 995; 9 Dec., 1123; 23 Dec., 1211 

1956: 6 Jan., 3; 3 Feb., 163; 2 Mar., 
347; 6 Apr., 564; 13 Apr., 611; 20 Apr., 
652; 27 Apr., 691; 4 May, 773; 11 May, 
819; 18 May, 868; 25 May, 915; 8 June, 
1011; 6 July, 3; 3 Aug., 199; 14 Sept., 
463; 12 Oct., 655 
Scribner’s, Charles, Sons 

1956: 1 June, 1001 
Speller, Robert, & Sons, Publishers 

1956: 27 Apr., 755 
University of California Press 

1955: 18 Nov., 984 
U.S. National Museum 

1955: 18 Nov., 985; 16 Dec., 1202 

1956: 20 Jan., 119; 17 Feb., 299; 16 
Mar., 478; 20 Apr., 686; 18 May, 910 
Van Nostrand, D. 

1956: 5 Oct., 647 
Vantage Press, Inc. 

1955: 9 Dec., 1151 
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MEDICINAL CHEMISTRY, Volumes II and III 


A Series of Reviews Prepared under the Auspices of the Division of 
Medicinal Chemistry of the American Chemical Society. 


These two volumes are the latest in a series designed to 
cover all the important areas of medicinal chemistry. They 
save valuable research time by collecting in one place all 
the available data on biological properties of organic 
compounds. 


VOLUME I1—Edited by F. F. Blicke, University of Michi- 
gan, and C. M. Suter, Sterling-Winthrop Research Institute. 
1956. 311 pages. Illus. $10.00. 

VOLUME I1l—Edited by F. F. Blicke, University of 
Michigan, and R. H. Cox, Vick Chemical Company. 1956. 
346 pages. Illus. $10.50. 


GASEOUS NEBULAE 


By L. H. Aller, University of Michigan. The first attempt 
in the English language to review this important branch 
of astrophysics. It offers a concise and critical review of 
astrophysical theory and also provides a quantum mechani- 
cal treatment of forbidden line radiation that is more com- 


plete than in any other book. A large part of the work is 
devoted to observations made at the Mt. Wilson and Palomar 
Observatories. A publication in the International Astro- 
physics Series. 1956. 322 pages. $11.00. 


THE HISTORICAL BACKGROUND OF CHEMISTRY 


By Henry M. Leicester, College of Physicians and Sur- 
geons of San Francisco. A unique work which follows the 
development of chemistry through the thoughts and ideas 
of chemists rather than through the details of their lives. 


INTRODUCTION TO SOLID 


By Charles Kittel, University of California, Berkeley. The 
only book on an introductory level to cover a large part of 
the field of solid state physics. The second edition includes 
fuller explanations of the basic concepts than did its 
predecessor, particularly in the areas of crystal symmetry 
and energy band theory. New material has been added on 


Half the book is devoted to periods earlier than the 17th 
century which laid the foundations of modern chemistry. 
More up-to-date than any comparable work, it presents 
studies up to 1955. 1956. 260 pages. $6.00. 


STATE PHYSICS, 2nd Ed. 


diffusion, dislocations, alloys, semiconductors, photoconduc- 
tivity, luminescence, and imperfections in solids. A pub- 
lication in the Wiley Series on the Science and Technology 
of Materials, J. H. Hollomon, advisory editor. 1956. 617 
pages. $12.00. 


SYMPOSIUM ON MONTE CARLO METHODS 


Edited by H. A. Meyer, University of Florida. The first 
full-length treatment of Monte Carlo methods, a device for 
studying artificial stochastic models of physical and mathe- 
matical processes. It consists of papers by 22 leading work- 
ers in the field, written about their own research and ap- 


plications. These papers range from the relatively simple 
to the highly theoretical. One of the Wiley Publications in 
Statistics, Walter A. Shewhart and S. S. Wilks, Editors. 
1956. 382 pages. $7.50. 


SCIENCE AND ECONOMIC DEVELOPMENT: New Patterns of Living 


By Richard L. Meier, University of Chicago. Traces out 
new paths for economic development which are suggested 
and shaped by postwar advances in science and technology. 


The author presents a new approach towards adequate levels 
of living for all parts of the world. Co-published by The 
Technology Press, M.I.T. 1956. 266 pages. $6.00. 


CURRENTS, FIELDS, and PARTICLES 


By Francis Bitter, The Massachusetts Institute of Tech- 
nology. Describes—in a novel and refreshing manner— 
macroscopic electromagnetic phenomena in terms of fields 
and microscopic atomic phenomena in terms of quanta. 
Offers a solid introduction to certain abstract concepts, 


among them energy, momentum, electric and magnetic 
fields, conservation laws, impedance, reactance, etc. Co- 
published by The Technology Press, M.I.T. 1956. 599 pages. 
$8.50. 


Send for examination copies. 


JOHN WILEY & SONS, Inc. 


26 OCTOBER 1956 


440 Fourth Avenue, New York 16, N.Y. 
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A SHORT-FORM CATALOG 
of YSICo®* Products 





| THERMISTOR TELE-THERMOMETERS: 


Many ranges from —70°C to +100°C and above 











SINGLE CHANNEL SIX-CHANNEL 








TWELVE-CHANNEL 








EXPANDED SCALE 


5-RANGE. 6-CHAN. 











MODEL 43 | MODEL 41 MODEL 44 MODEL 45 MODEL 46 
| AccuRACY 

Hi% om L1%% | t1% or t1%% | +1% OR t1%% = .6.1°C + 0.28°F 
__OF SCALE RANGE OF SCALE RANGE OF SCALE RANGE _ 

READABILITY | ; 
[= 0.4% OF SCALE |0.4% OF SCALE R.| 0.4% OF SCALER.' =~ O0.01°'C = 0.1°F 








[ THERMISTOR TEMPERATURE-SENSING PROBES 


Interchangeable types for: AiR, SURFACE, LIQUID IMMERSION, SKIN, BODY 


| Non-interchangeable types: HYPODERMIC. CATHETER, TISSUE IMPLANTATION 











| TEMPERATURE it es | 
| Based on the thermistor 
| CONTROL SENSITIVITIES: 

on-off type: +.05°C 

stepless proportioning type: +.005°C 


DIRECT-READING RANGES 
TO 100°C AND ABOVE | 





WRITE FOR DATA SHEETS AND PRICES 














| SoUeear OLOGICAL 


| EQUIPMENT — 





DERMOHMMETER 
MODEL 22A 


RANGE 
__0-500. 000 OHMS 


Accu RACY 


[=1% AND +60 OHMS | 1% 





| 120-360 BEATS/MIN 





CARDIOTACHOMETER 
MODEL 21A 


40-120, 60-180 





OF SCALE RANGE 


Ul * THE YELLOW SPRINGS INSTRUMENT COMPANY, INC. 









































POST OFFICE BOX 106-5 
YELLOW SPRINGS, 


OHIO 





Far more than just a 


catalog . 


. . contains useful 


descriptions of today's most 
commonly used analytical 


systems .. 


. Spectrochemistry, 


Nephelometry, Colorimetry, 
pH Measurement, 
Fluorimetry and Flame Photometry 
. plus complete descriptions of 
Coleman Instrumentation 
for these sciences. 


e& 


Write now for your free ‘copy. 


Coleman Tools for Science 





Dept. S. Coleman Instruments, Inc., Maywood, Ill. 
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Wiley, John, & Sons, Inc. 
1955: 11 Nov., 904; 2 Dec., 1044-1047 
1956: 13 Jan., 71; 16 Mar., 469; 30 
Mar., 523; 27 Apr., 692-693 
Year Book Publishers, Inc. 
1956: 27 Apr., 694 


CALORIMETERS 


Fisher Scientific 
1956: 5 Oct., 608 


CATALOGS 


Ainsworth, Wm., & Sons, Inc. 

1956: 22 June, 1140; 20 July, 136; 14 
Sept., 498 
American Optical Instrument Div. 


1955: 28 Oct., 848; 9 Dec., 1160; 23 
Dec., 1248 
1956: 27 Jan., 160; 10 Feb., 240; 24 





Feb., 344; 23 Mar., 520; 20 Apr., 688; 18 
May, 912 
Bausch & Lomb Optical Co. 


1955: 28 Oct., 814; 11 Nov., 906; 25 
Nov., 1002 
1956: 6 Jan., 8; 20 Jan., 86; 3 Feb., 


166; 17 Feb., 254; 16 Mar., 438; 30 Mar., 
526; 27 Apr., 704; 11 May, 822; 25 May, 
920; 8 June, 1016; 22 June, 1100; 6 July, 
8; 20 July, 102; 3 Aug., 202; 14 Sept., 
466; 28 Sept., 566; 12 Oct., 658 
Clay-Adams, Inc. 
1955: 4 Nov., 889; 25 Nov., 
Dec., 1247 
1956: 10 Aug., 250 
Coleman Instruments 
1956: 30 Mar., 554; 
June, 1090 
Corning Glass Works 
1956: 2 Mar., 346 
Du Mont, Allen B., Laboratories, Inc. 
1956: 17 Aug., 335 
Ealing Corp. 
1956: 13 July, 95 
Eastman Kodak Co. 
1956: 12 Oct., 691 
Edmund Scientific Corp. 
1955: 4 Nov., 855; 2 Dec., 1050 
1956: 6 Jan., 32; 3 Feb., 195; 2 Mar., 
384; 6 Apr., 602; 4 May, 808; 1 June, 
1001; 6 July, 40; 3 Aug., 236; 7 Sept., 
448; 5 Oct., 644 
H. M. Chemical Co., Ltd. 
1956: 3 Feb., 198 ) 
Harvard Apparatus Co., Inc. 
1956: 9 Mar., 395 
Jarrell-Ash Co. 
1956: 27 Apr., 
Kontes Glass Co. 
1956: 25 May, 955 
Matheson, Coleman & Bell 
1955: 4 Nov., 851; 2 Dec., 
1956: 13 Jan., 43 
Norbute Corp., Metalab Equipment Co. 
Div. 
1956: 9 Mar., 426 
Nuclear Corporation of America, Inc., 
NRD Instrument Co. Div. 
1955: 2 Dec., 1058 
1956: 13 Apr., 647; 
June, 1010 
Nutritional Biochemicals Corp. 
1955: 28 Oct., 812; 11 Nov., 900; 25 
Nov., 1000; 9 Dec., 1158; 23 Dec., 1212 
1956: 6 Jan., 34; 20 Jan., 115; 3 Feb., 
193; 10 Feb., 299; 16 Mar., 474; 30 Mar., 
558; 13 Apr., 612; 27 Apr., 700; 11 May, 
859; 25 May, 955; 8 June, 1012; 22 June, 


1035; 23 


20 Apr., 683; 15 
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11 May, 863; 8 
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1143; 6 July, 43; 20 July, 137; 3 Aug.; 
239; 17 Aug., 339; 31 Aug., 419; 14 Sept., 
507; 28 Sept., 597; 12 Oct., 693 
Olympus Optical Instrument Co. 

1956: 7 Sept., 456; 21 Sept., 551 
Research Equipment Corp. 

1956: 16 Mar., 471; 27 Apr., 757; 11 
May, 858; 8 June, 1012; 6 July, 43; 3 
Aug., 239; 7 Sept., 424 
Research Specialties Co. 

1956: 11 May, 856; 14 Sept., 499 
Schaar and Co. 

1956: 27 Apr., 763; 11 May, 859 
Sigma Chemical Co. 

1956: 27 Apr., 766; 29 June, 1150; 13 
July, 89; 10 Aug., 287 
Silge & Kuhne 

1955: 2 Dec., 1112; 30 Dec., 1282 

1956: 27 Jan., 158; 17 Feb., 296; 23 
Mar., 515 
Thomas, Arthur H., Co. 

1955: 4 Nov., 896; 2 Dec., 1120; 30 
Dec., 1288 

1956: 6 Jan., 40 
Tracerlab, Inc. 

1956: 13 Apr., 610; 18 May, 867; 29 
June, 1191; 13 July, 50; 17 Aug., 294 
United Scientific Co. 

1955: 24 Nov., 1032; 2 Dec., 1148 

1956: 13 Jan., 74; 27 Jan., 155; 10 
Feb., 206; 23 Mar., 516; 27 Apr., 760; 
15 June, 1092; 13 July, 90; 27 July, 190; 
24 Aug., 374; 28 Sept., 598; 5 Oct., 647; 
12, Oct., 697; 19 Oct., 739 
Winthrop Laboratories, Inc. 

1956: 13 Jan., 72; 10 Feb., 204; 9 Mar., 
427; 3 Aug., 237 


CATHETOMETERS 


Central Scientific Co. 
1956: 2 Mar., 352 
Eberbach Corp. 
1956: 21 Sept., 551 


CENTRIFUGES AND ACCESSORIES 


Beckman Instruments, Inc., Spinco Div. 
1955: 4 Nov., 858; 30 Dec., 1254 
1956: 27 Apr., 768; 22 June, 1144; 31 

Aug., 420; 21 Sept., 514 

Clay-Adams, Inc. 

1956: 16 Mar., 473; 13 July, 95 

Custom Scientific Instruments, Inc. 
1956: 27 Apr., 696 

Fisher Scientific 
1956: 5 Oct., 608 

International Equipment Co. 

1955: 11 Nov., 903; 2 Dec., 1053 
1956: 13 Jan., 79; 17 Feb., 242; 16 

Mar., 479; 27 Apr., 690; 18 May, 866; 

1 June, 963; 13 July, 52; 10 Aug., 248; 

14 Sept., 462; 5 Oct., 607 

Labline, Inc., Chicago Surgical & 

Electrical Co. Div. 

1956: 2 Mar., 385; 27 Apr., 752 

Lourdes Instrument Corp. 

1955: 2 Dec., 1106 
Precision Scientific Co. 

1955: 25 Nov., 998 
Sorvall, Ivan, Inc. 

1955: 2 Dec., 1113 

1956: 20 Jan., 84; 9 Mar., 398; 27 
Apr., 698; 4 May, 776; 24 Aug., 379; 21 
Sept., 510 


CHARTS, BIOLOGICAL 


Welch, W. M., Manufacturing Co. 
1956: 6 Apr., 603 
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for 
RESEARCH 


NUTRITION 
and BLOOD 


The following 
SCHWARZ preparations 
are of interest: 


THYMIDINE ... 


in growth studies, blood building and certain types of anemia. 


NUCLEIC ACID AND SODIUM NUCLEATE... 
in studies of growth and longevity, agranulocytosis and nu- 
tritional deficiencies. 


MINUCLEIN® ... 


(Brand of Schwarz Tonic Nucleates), containing calcium, 
copper, iron, magnesium, manganese and phosphorus, as sol- 
uble ribonucleates complex, for studies in mineral nutrition. 


LYCEDAN®... 
(Brand of Schwarz Adenosine-5-Phosphoric Acid), as sterile 
ampoules for parenteral use in investigations. 


YEAST ADENYLIC ACID... 


for certain nutritional conditions. 


SUGAR PHOSPHATES... 


as intermediates in conditions affecting glycolysis. 


METHIACIL®... 


(Schwarz Brand of Methylthiouracil) and THIOURACIL, 
in studies of animal metabolism and growth (poultry). 


* 
‘ 


These Schwarz fine chemicals satisfy the exacting requirements of 
products intended for laboratory and biochemical use. 


To assure the user of highest quality and purity, rigid specifica- 
tions in accordance with latest literature are established for each 
product, each lot is carefully analyzed and checked before ship- 
ment, complete records are permanently kept, and an analysis is 
furnished the user if desired. 


Quantity production resulting from the wide preference and de- 
mand for Schwarz high-quality biochemicals provides ample sup- 
plies at low cost. Write for informative technical bulletins, specifi- 
cations, references to literature and latest complete price list. 


SCHWARZ LABORATORIES, INC. 


Leading Manufacturers of Yeast Biochemicals and Fine Chemicals 
230 WASHINGTON STREET, MOUNT VERNON, NEW YORK 
a4 
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Were you to search the world over 
for an instrument that combines 
mechanical and optical excellence 
with finest construction and flawless 
finish . . . plus unmatched versatility 
in many fields of microscopy . . . 
you would find it in the Wild M20. 


Sextuple revolving nosepiece is 
optional 


Built-in illumination (20W) 


Beam splitting phototube permits bi- 
nocular focusing for photomicrography 


Phase contrast and other attachments 
for virtually every observation method 


BOOKLET M20 SENT ON REQUEST 





WILD HEERBRUGG 


INSTRUM 


ENTS, inc. 


Main at Covert Streets Port Washington, N. Y.POrt Washington 7-4843 


SALES ° 


FULL FACTORY SERVICES 








See the Stars, Moon, Planets Close Up! 
ASSEMBLE A BIG 100 POWER 
3” REFLECTING TELESCOPE 


. . . With This Complete 87 
Piece ‘‘Do - It - Yourself’ Kit. 
Everything you need! No ma- 
chining! Easily assembled! We 
furnish complete, simple in- 
structions. Kit includes: 3” 
f/10 aluminized and overcoated 
Spherical Mirror—60X Eyepiece 
and 100X Barlow Lens—Cross- 
line Finder—sturdy 40” Tripod 


with locks on both axes—ven- 
tilated 3” Mirror Mount——heavy 
wall, black Telescope Tube. All 
nuts and bolts supplied. Nothing 
extra to buy. Our 3” Spherical 
# Mirror (30” f.1.) is guaranteed 
to resolve detail right up to 
theoretical limit. Your finished 
scope can also be used terres- 
trially. Money back guarantee. 
Shpg. wt., 10 lbs. 

FREE with Kit: Valuable STAR 








This is an actual photo- 
graph of the moon taken CHART and 136-page book, 


through our Astronomical ‘DISCOVER THE pal 
Telescope by a 17 year-old g§tock No. 85,025-W 


student. $29.50 f.0.b. Barrington, N. J. 





NEW! TERRIFIC! 
STATIC ELECTRICITY 
GENERATOR 
See a thrilling spark display as you 
set off a miniature bolt of lightning. 
Absolutely safe and harmless, per- 
fect for classroom experimentation 
—ideal for science clubs. Sturdily 
made—stands 14” high. Turn the 
handle and two 9” plastic discs ro- 
tate in opposite directions. Metal 
collector brushes pick up the static i : 
electricity, store it in the Leyden jar type condenser until 
discharged by the jumping spark. You can light electric gas 
glow bulbs right in your own hand. Countless other tricks and 

experiments, 24 Page instruction booklet included. 
Steck Ne. FOOMIW: sicuccasesssnis® $10.95 Postpaid 


eS 


—fork type Equatorial Mount } } 





EXCELLENT FOR 
CHRISTMAS GIFTS 


New! 2 in 1 Combina- 
tion! Pocket-Size 


50 Power wicRoscore 


10 Power. TELESCOPE : 


sgl 


Useful Telescope and Micro- 
scope combined in one amaz- 
ing, precision instrument. Im- 
ported! No larger than a foun- 
tain pen. Telescope is 10 Power. 
Microscope magnifies 50 Times. 
Sharp focus at any range. Handy 
for spots, looking at small ob- 
: jects, just plain snooping. 
y Send Check or M.0. 
Satisfaction Guaranteed 


Order Stock No. 30,059-W . .: 


SPITZ MONOSCOPE 
A precision-made 32 power re- 
flecting telescope—by the makers 
of Spitz Planetarium. Clearly re- 
veals the craters of the moon, 
shows Saturn, Jupiter, other won- 
ders of the heavens. Based on 
same principles as world’s giant 
telescopes. Stands 36” high on 
removable legs. Adjustable 3” 
polished and corrected mirror. 
Fork type Alt-Azimuth rotates on 
full 360° circle—swings to any 
location in the sky, Fascinating 18-page instruction book is 
included. Instrument packed in sturdy carrying case. 

Stock No. 70,068-W $14.95 Postpald 


WRITE FOR FREE CATALOG-W 
Huge selection of lenses, prisms, war surplus optical instru- 
ments, parts and accessories. Telescopes, microscopes, binocu- 
jars. Hand soectroscopes, reticles, mirrors, Ronchi rulings, 
dozens of other hard-to-get optical items. America’s No. 1 
source of supply for Photographers, Hobbyists, Telescope 
Makers, ete. Ask for catalog W 





$4.50 














EDMUND SCIENTIFIC CORP., BARRINGTON, N. J. 
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CHEMICALS, BIOLOGICAL 


Corn Products Refining Corp. 

1955: 4 Nov., 856; 18 Nov., 948 

1956: 17 Feb., 298 
Endocrine Laboratories of Madison, Inc. 

1955: 11 Nov., 902; 9 Dec., 1153 
H. M. Chemical Co., Ltd. 

1956: 3 Feb., 198 
LaMotte Chemical Products Co. 

1956: 20 Apr., 686 
Nutritional Biochemical Corp. 

1955: 28 Oct., 812; 11 Nov., 900; 25 
Nov., 1000; 9 Dec., 1158; 23 Dec., 1212 

1956: 6 Jan., 34; 20 Jan., 115; 3 Feb., 
193; 17 Feb., 299; 16 Mar., 474; 30 Mar., 
558; 13 Apr., 612; 27 Apr., 700; 11 May, 
859; 25 May, 955; 22 June, 1143; 6 July, 
43; 20 July, 136; 3 Aug., 239; 17 Aug., 
339; 31 Aug., 419; 14 Sept., 507; 28 
Sept., 597; 12 Oct., 693 
Schwarz Laboratories, Inc. 

1955: 18 Nov., 982; 2 Dec., 1112 

1956: 13 Jan., 75; 17 Feb., 250; 11 
May, 857; 25 May, 953; 15 June, 1091; 
27 July, 189; 17 Aug., 331; 7 Sept., 452; 
5 Oct., 643 
Sigma Chemical Co. 

1956: 17 Feb., 304; 16 Mar., 472; 27 
Apr., 766; 25 May, 916; 29 June, 1150; 
13 July, 89; 10 Aug., 287 
Winthrop Laboratories 

1955: 11 Nov., 939; 9 Dec., 1124 

1956: 13 Jan., 72; 10 Feb., 204; 9 Mar., 
427; 6 Apr., 603; 4 May, 774; 8 June, 
1014; 3 Aug., 237; 7 Sept., 449; 5 Oct., 
610 
Worthington Biochemical Corp. 

1955: 11 Nov., 937 

1956: 17 Feb., 296; 27 Apr., 763; 4 
May, 814; 25 May, 956; 1 June, 999; 
15 June, 1092; 22 June, 1139; 29 June, 
1189 


CHEMICALS, GASES 


Matheson, Coleman & Bell Co. 
1955: 2 Dec., 1057 


CHEMICALS, GENERAL 


Arapahoe Chemicals, Inc. 
1956: 25 May, 952 
Eastman Kodak Co. 
1956: 6 Jan., 31 
Fisher Scientific 
1956: 5 Oct., 608 
LaMotte Chemical Products Co. 
1955: 11 Nov., 939 
Matheson, Coleman & Bell 
1955: 4 Nov., 851 
1956: 13 Jan., 43 
Michigan Chemical Corp. 
1956: 10 Aug.,. 246 
Sigma Chemical Co. 
1956: 17 Feb., 304 
Winthrop Laboratories, Inc. 
1956: 13 Jan., 72 
Worthington Biochemical Corp. 
1956: 2 Mar., 38 


CHEMICALS, ORGANIC 


Eastman Kodak Co. 


1955: 11 Nov., 933 

1956: 10 Feb., 202; 4 May, 809; 18 
May, 903; 8 June, 1047; 6 July, 39; 10 
Aug., 285; 12 Oct., 691 
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CHEMICALS, TRACER 


Frosst, Charles E., & Co. 
1955: 4 Nov., 894; 2 Dec., 1118; 30 
Dec., 1252 ' 
1956: 27 Jan., 124 
Research Specialties Co. 
1956: 14 Sept., 499 
Tracerlab, Inc. 
1956: 29 June, 1191 


CHROMATOGRAPHY EQUIPMENT 


Beckman Instruments, Inc., Spinco Div. 

1956: 18 May, 911 
Eastman Kodak Co. 

1955: 11 Nov., 933 
Nalge Co. 

1956: 13 Apr., 642 
Packard Instrument Co. 

1955: 2 Dec., 1109 

1956: 18 May, 906; 8 June, 1048; 20 
July, 135; 14 Sept., 500 
Perkin-Elmer Corp. 

1955: 4 Nov., 853; 2 Dec., 1103 

1956: 6 Apr., 563 
Photovolt Corp. 

1955: 28 Oct., 812; 11 Nov., 900; 25 
Nov., 1000; 16 Dec., 1164 

1956: 20 Jan., 84; 24 Feb., 308; 13 
Apr., 612; 8 June, 1014; 6 July, 43; 3 
Aug., 237; 31 Aug., 419; 14 Sept., 507; 
12 Oct., 699 
Research Equipment Corp. 

1955: 16 Dec., 1203 

1956: 16 Mar., 471; 11 May, 858; 8 
June, 1012; 6 July, 43; 3 Aug., 239; 7 
Sept., 424 
Research Specialties Co. 

1955: 11 Nov., 902; 9 Dec., 1153 

1956: 11 May, 856 
Schaar and Co. 

1956: 27 Jan., 154; 27 Apr., 763; 11 
May, 859; 7 Sept., 449; 5 Oct., 610 
Sorvall, Ivan, Inc. 

1956: 30 Mar., 522; 4 May, 776; 20 
July, 143 
Welch, W. M., Manufacturing Co. 

1956: 3 Feb., 191; 6 July, 41; 7 Sept., 
450 





CLAMPS 


Thomas, Arthur H., Co. 
1956: 3 Aug., 244 


CLEANSERS 


Alconox, Inc. 

1956: 31 Aug., 414; 28 Sept., 559 
Linbro Chemical Co. 

1955: 18 Nov., 982; 2 Dec., 1054 

1956: 17 Feb., 293; 23 Mar., 484; 27 
Apr., 696; 25 May, 958; 22 June, 1139 
Standard Scientific Supply Corp. 

1956: 13 Apr., 614 


COLORIMETERS 


Bausch & Lomb Optical Co. | 
1956: 11 May, 822; 25 May, 920; 14 
Sept., 466; 28 Sept., 566 | 
Biddle, James G., Co. | 

1956: 20 Jan., 119; 15 June, 1095 
Coleman Instruments, Inc. 
1956: 15 June, 1090 
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worth looking into... 


NALGENE POLYETHYLENE WARE 


You'll find NALGENE and NALGENE [HH] laboratory items 
are long-lasting, chemically resistant, and unbreakable. 
Dimensional stability is excellent, with NALGENE [HH] having 
a much higher tensile strength and a softening point above 

250°F, It.will pay you to compare with NALGENE 
and NALGENE [HH] the next time you order >), 
laboratory ware. Ask your supply dealer. Pe. 3 


» WIDE-MOUTH BOTTLES | HH |* 
1, 2, 4, 8, 16, 32 ozs. 


FILTERING FUNNELS [HH] 
analytical style to fit standard 
filter paper sizes 


CENTRIFUGE TUBES | HH | 
3.5 to 100 mi 








*The new 
High-Density PIPET RINSER F aite 
Polyethylene In sizes for pipets up 


to 16”, 24”, or 33” long. 


WORLD'S SLARGEST SUPPLIER OF POLYETHYLENE LABORATORY WARE 


Ask-your dealer for 


yr aa E-956, The VALGE (() Inc 
N.Y. 


ROCHESTER 2, 
843 





DENSITOMETERS 


Photovolt Corp. 

1955: 28 Oct., 812; 11 Nov., 900; 25 
Nov., 1000; 16 Dec., 1164 

1956: 20 Jan., 84; 24 Feb., 308; 13 
Apr., 612; 8 June, 1014; 6 July, 43; 3 
Aug., 237; 31 Aug., 419; 14 Sept., 507; 
12 Oct., 699 
Research Equipment Corp. 

1956: 7 Sept., 424 
Welch, W. M., Manufacturing Co. 

1955: 16 Dec., 1166 

1956: 3 Feb., 191 


DESICCANTS 


Hammond, W. A., Drierite Co. 
1956: 28 Sept., 598 


DISTILLATION EQUIPMENT 


Fisher Scientific 
1956: 5 Oct., 608 


DOUGLAS BAG 
Phipps & Bird, Inc. 


1956: 25 May, 916; 
June, 1051 


1 June, 966; 8 


DUST-SAMPLING APPARATUS 


Ficklen, Joseph B., III 
1955: 4 Nov., 891; 16 Dec., 1164 
1956: 27 Jan., 155; 9 Mar., 430; 20 
Apr., 686 


ELECTROENCEPHALOGRAPHS 


Electro-Medical Laboratory, Inc. 
1955: 11 Nov., 937; 9 Dec., 1153 


ELECTRONICS SYSTEMS 


General Electric Co. 
1956: 2 Mar., 391 
Ramo-Wooldridge Corp. 
1956: 7 Sept., 460 


ELECTROPHORESIS APPARATUS 


Aloe, A. S., Co., Aloe Scientific Div. 

1956: 4 May, 772; 6 July, 4 
Beckman Instruments, Inc., Spinco Div. 

1955: 2 Dec., 1099 

1956: 27: Jan., 1233 17 Feb., 252° 16 
Mar., 434; 20 July, 99; 10 Aug., 291; 12 
Oct., 654 
E-C Apparatus Co. 

1956: 17 Feb., 295; 5 Oct., 648 
Fisher Scientific 

1956: 5 Oct., 608 
Klett Manufacturing Co. 

1955: 28 Oct., 839; 4 Nov., 
Nov., 942; 25 Nov., 1032; 
9 Dec., 1124; 16 Dec., 
1243; 30 Dec., 1283 

1956: 6 Jan., 33; 


889; 11 
2 Dec., 1108; 
1200; 23 Dec., 


13 Jan., 78; 20 Jan:, 
115; 27 Jan., 155; 3 Feb., 193; 10 Feb., 
239; 17 Feb., 294; 24 Feb., 342; 2 Mar., 
350; 9 Mar., 427; 16 Mar., 478; 23 Mar., 
519; 30 Mar., 524; 6 Apr., 606; 13 Apr., 
612; 20 Apr., 650; 27 Apr., 698: 4 May, 
774; 11 May, 856; 18 May, 905; 25 May, 








® 
SERVALL 


1 40 to 1/2 Micron 


FOR SERIAL 
SECTIONS 
OF FINEST 
UNIFORM 
QUALITY 


SC-105. 





"PORTER-BLUM” 


ULTRA-MICROTOME 






A compact, portable instrument, so simple to operate that ultra- 
thin serial sectioning for electron microscopy becomes a routine labora- 
tory technique. It may also be used for light microscopy. For complete 
details of the superior features in this “Servall instrument: Mechanical 


Advancement, Superior Cutting Action, etc., WRITE FOR BULLETIN 


The unequalled excellence of “‘Servall” Laboratory Instruments results 
from our original and continuing development of design, and a thorough 
familiarity with researchers’ requirements since 1930. 


DESIGNERS, MANUFACTURERS AND DISTRIBUTORS Nd “SERVALL” 
SPECIALIZED LABORATORY INSTRUMENTS 


ivan Sorvall, Ine. 


Patents Pending 


NORWALK, 
CONN. 
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958; 1 June, 999; 8 June, 1014; 15 June, 
1095; 22 June, 1143; 29 June, 1188; 6 
July, 41; 13 July, 91; 20 July, 142; 27 
July, 195; 3 Aug., 235; 17 Aug., 339; 
24 Aug., 379; 31 Aug., 419; 7 Sept., 424; 
14 Sept., 501; 21 Sept., 549; 28 Sept., 
597; 5 Oct., 651; 12 Oct., 692; 19 Oct., 
702 
Photovolt Corp. 

1955: 28 Oct., 812; 11 Nov., 900; 25 
Nov., 1000; 16 Dec., 1164 

1956: 20 Jan., 84; 24 Feb., 308; 13 
Apr., 612; 8 June, 1014; 6 July, 43; 3 
Aug., 237; 31 Aug., 419; 14 Sept., 507; 
12 Oct., 699 
Research Equipment Corp. 

1956: 7 Sept., 424 
Schaar and Co. 

1956: 27 Apr., 763; 11 May, 859 
Sorvall, Ivan, Inc. 

1956: 30 Mar., 522; 4 May, 776; 20 
July, 143 
Thomas, Arthur H., Co. 

1956: 11 May, 864; 8 June, 1056 


EVAPORATORS 


Aloe, A. S., Co., Aloe Scientific Div. 
1955: 4 Nov., 852; 2 Dec., 1048 
1956: 2 Mar., 348; 6 Apr., 601 

Machlett, E., & Son 
1956: 24 Feb., 343 


EXTRACTORS 


E-C Apparatus Co. 
1956: 28 Sept., 600 

Machlett, E., & Son 
1955: 25 Nov., 1033 


FERMENTORS AND ACCESSORIES 


New Brunswick Scientific Co. 

1955: 16 Dec., 1198 

1956: 24 Aug., 379; 24 Feb., 342; 20 
Apr., 650; 27 July, 192; 21 Sept., 551 


FILM 


Eastman Kodak Co. 
1955: 9 Dec., 1147 
1956: 6 Jan., 31; 10 Feb., 
425; 18 May, 903 


202; 9 Mar., 


FILTER PAPER 


Fisher Scientific 
1956: 5 Oct., 608 


FILTERS, INTERFERENCE 


Axler Associates, Inc. 
1955: 2 Dec., 1106 
1956: 17 Feb., 295 
Bausch & Lomb Optical Co. 
1956: 17 Aug., 298; 31 Aug., 384 
Photovolt Corp. 
1955: 28 Oct., 
Dec., 1164 
1956: 17 Feb., 297; 11 May, 859 


812; 11 Nov., 900; 16 


FILTERS, MOLECULAR 


Greiner, Emil, Co. 
1956: 27 Apr., 767 


FLUOROMETERS 


Biddle, James G., Co. 
1955: 28 Oct., 843 
1956: 20 Jan., 119; 15 June, 1095 
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PHOTOVOLT Line-Operated 
Multiplier FLUORESCENCE METER 
Mod. 540 


en, 









e High-sensitivity for measurement of low concentrations 
(full-scale setting for 0.001 microgram quinine sulphate) 
e Micro-fluorimetry with liquid volumes as low as 1 ml 
@ Low blank readings, strict linearity of instrument response 
@ Universally applicable due to great variety of available fil- 
ters, sample holders, adapters and other accessories 
e Interference filters for high specificity of results and for 
determining spectral distribution of the fluorescent light 
e High-sensitivity nephelometry for low degrees of turbidities 
@ Fluorescence evaluation of powders, pastes, slurries, and 
solids, also for spot-tests on filter paper without elution 


Write for Bulietin #392 to 


PHOTOVOLT CORP. 


95 Madison Ave. New York 16, N. Y. 














PHOTOVOLT Densitometer 


for Partition Chromatography 
and Paper Electrophoresis 


A photoelectric precision instrument for the rapid 
and convenient evaluation of strips and sheets 
of filter paper in partition chromatography and 
paper electrophoresis. 














one 19” x 19” Lab-aid unit section 
holds up to 6500 1” microslides 





other bulky files need this much 
more space to hold as many slides 
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laboratory filing systems 


THE TECHNICON COMPANY 
P. O. Box 25 
Chauncey, New York 
Paris Office: COMPAGNIE TECHNICON + 7 rue Georges Ville + Paris 
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AN 


ENCYCLOPEDIA 
OF THE 


IRON 


AND 


STEEL 
INDUSTRY 


by A. K. Osborne 


The purpose of this Encyclopedia is 


to provide a concise description of all the 
materials, plants, tools and processes used 
in the Iron and Steel Industry, and in 
those industries closely allied to it, from 
the preparation of the ore down to the 
finished product; and to define the tech- 
nical terms employed. 


The book is intended as a work of 
reference, not in any sense as a textbook; 
but the specialist might usefully look to 
it for information on subjects bordering 
his own. In particular, it is the author’s 
hope that the book will prove of value to 
those smaller firms in the Iron and Steel 
and allied Engineering industries which 
have not yet attained sufficient size to 
warrant their maintaining a library of 
their own. 


This exhaustive work covers the cur- 
rent practices not only of America but 
also of continental Europe and Great 
Britain. 


The author of this monumental 
volume is a renowned British 
researcher and- director of a 
leading technical library. 


MAIL THIS COUPON TODAY 


1 Mail to your favorite bookseller or directly to 1 

PHILOSOPHICAL LIBRARY, Publishers | 
| 15 East 40th Street, Desk Z, New York 16,N.Y. | 
| Send .... copies of ‘‘An Encyclopedia of the Iron & | 


| Steel Industry’ at $25.00 per copy. Enclose remit- | 
tance to expedite shipment. 


| NAME occ ccc tccncwaverscvesncsnveveeseee j 





Coleman Instruments, Inc. 

1956: 21 Sept., 548 
Farrand Optical Co., Inc. 

1955: 18 Nov., 990 

1956: 8 June, 1051 
Photovolt Corp. 

1955: 25 Nov., 1000; 23 Dec., 1212 

1956: 6 Jan., 35; 27 Jan., 124; 10 Feb., 
238; 9 Mar., 396; 23 Mar., 519; 6 Apr., 
601; 4 May, 811; 1 June, 966; 29 June, 
1150; 27 July, 195; 10 Aug., 250; 7 Sept., 
451; 21 Sept., 551; 5 Oct., 645 


FRACTIONATORS 


E-C Apparatus Co. 
1956: 17 Feb., 295; 12 Oct., 693 


FRACTION COLLECTORS 


LKB-Produkter 

1956: 21 Sept., 511 
Packard Instrument Co. 

1955: 2 Dec., 1109 

1956: 27 Apr., 759; 18 May, 906; 8 
June, 1048; 20 July, 135; 14 Sept., 500 
Research Equipment Corp. 

1955: 16 Dec., 1208 

1956: 27 Apr., 757; 8 June, 1012; 3 
Aug., 239; 7 Sept., 424 
Schaar and Co. 

1956: 27 Jan., 154; 7 Sept., 449; 5 
Oct., 610 
Sorvall, Ivan, Inc. 

1956: 4 May, 776 
Technicon Chromatography Corp. 

1955: 16 Dec., 1162 


FREEZING APPARATUS 


Aloe, A. S., Co., Aloe Scientific Div. 
1956: 1 June, 999 
Custom Scientific Instruments, Inc. 
1956: 17 Feb., 299 
Machiett, E., & Son 
1955: 11 Nov., 943; 18 Nov., 981; 25 
Nov., 1033 
National Research Corp., NRC 
Equipment Div. 
1956: 17 Feb., 244; 27 Apr., 697 
Palo Laboratory Supplies, Inc. 
1956: 17 Feb., 249 


FUNNELS, PLASTIC 


Nalge Co., Inc. 
1956: 17 Aug., 332; 14 Sept., 502 


FURNITURE, LABORATORY 


Fisher Scientific 

1956: 5 Oct., 608 
Labline, Inc. 

1955: 4 Nov., 891; 18 Nov., 987 
Machlett, E., & Son 

1955: 11 Nov., 943 
Norbute Corp., Metalab Equipment Co. 
Div. 

1956: 9 Mar., 426 
Technicon Co. 

1955: 4 Nov., 850; 2 Dec., 1042; 30 
Dec., 1250 

1956: 23 Mar., 519; 20 Apr., 650; 4 
May, 811; 18 May, 907; 15 June, 1060; 
13 July, 89; 17 Aug., 333; 14 Sept., 507; 
5 Oct., 645 





GALVANOMETERS 


Biddle, James G., Co. 
1955: 28 Oct., 843 
1956: 15 June, 1095 


GAS-ANALYSIS APPARATUS 


Fisher Scientific 
1956: 5 Oct., 608 


GENERATORS 


Standard Scientific Supply Corp. 
1956: 8 June, 1050 


GLASSWARE AND ACCESSORIES 


Bellco Glass, Inc. 

1956: 9 Mar., 398 
Corning Glass Works 

1955: 2 Dec., 1107 

1956: 6 Jan., 6; 4 May, 771; 6 July, 6; 
7 Sept., 425 
Fisher Scientific 

1956: 5 Oct., 608 
Klett Manufacturing Co. 

1955: 4 Nov., 889; 18 Nov., 991; 2 
Dec., 1108; 16 Dec., 1200; 30 Dec., 1283 

1956:. 13. Jans 78:27. Jan,,.190;. 10 
Feb., 239; 24 Feb., 342; 9 Mar., 427; 23 
Mar., 519; 6 Apr., 606; 20 Apr., 650; 4 
May, 774; 18 May, 905; 1 June, 999; 15 
June, 1095; 29 June, 1188; 13 July, 91; 
27 July, 195; 10 Aug., 286; 24 Aug., 379; 
7 Sept., 424; 21 Sept., 549; 5 Oct., 651; 
19 Oct., 702 
Kontes Glass Co. 

1956: 25 May, 955 
Machlett, E., & Son 

1955: 4 Nov., 860 
Research Specialties Co. 

1955: 11 Nov., 902; 9 Dec., 1153 

1956: 11 May, 856 
Standard Scientific Supply Corp. 

1956: 4 May, 775 


GLASSWARE WASHERS 


Labline, Inc. 
1955: 4 Nov., 891; 18 Nov., 987 


GREASES 


Biddle, James G., Co. 
1955: 23 Dec., 1243 
1956: 17 Feb., 302; 20 July, 138 


HEATERS 


Biochemical Associates 

1956: 18 May, 908; 1 June, 1003 
Fisher Scientific 

1956: 5 Oct., 608 
Precision Scientific Co. 

1955: 25 Nov., 998 


HOMOGENIZERS 


Eberbach Corp. 
1956: 5 Oct., 610 

Machlett, E., & Son 
1955: 18 Nov., 981 

Sorvall, Ivan, Inc. 
1956: 4 May, 776 
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A COMPLETE SELECTION 
OF MORE THAN 150 
AMINO ACIDS AND 

PEPTIDES 


Typical Amino Acids 


Djenkolic Acid 
Glutamine 
Phenylalanine, 
Homoserine 
Homocysteine 
Histidine 
Valine, D, DL, L 
Ornithine, DL, L 
Dopa, D, L, DL 
Asparagine, 

D, L, DL 







NUTRITIONAL 
BIOCHEMICALS 
CORPORATION 


21010 Miles Avenue @ Cleveland 28, Ohio 









... “when lime & of the essence =~” 


You can always depend upon 
Nutritional Biochemicals Corporation 
when your needs for Research 


Biochemicals demand speedy delivery. 





Write For 


New Catalog 
August 1956 
Over 1700 Items 
Write Dept. 102 


, The most complete selection 


of table model centrifuges anywhere 
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Adams NEW YORK 10 

















Catalog RE13 describes 

the COMPLETE LINE OF 
RECO CHROMATOGRAPHIC 
equipment. Send for 

your copy today. 


SEARCH EQUIPMENT CORPORATION 


Reco 


Fraction Collector 


The 




















MODEL 1200 





Fully automatic fraction collection by timed-flow, or volumet- 
ric measurement. Utmost accuracy from 3 cc. to 90 mi. with 
standard receiver plates. Plates hold 400 13 mm, and 25 100 
mm test tubes 8 inches long. Standard equipment includes 
heavy-duty worm-gear reduction motor with indexing mech- 
anism, 2 receiver plates, 4 stainless steel support posts, volu- 








1135 Third Street, Oakland, California 
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metric syphon assemblies and Timer/Controller. Drop counter 
and accessories available. 


847 








INCUBATORS 


Castle, Wilmot, Co. 
1955: 9 Dec., 1151 
1956: 11 May, 820 
Fisher Scientific 
1956: 5 Oct., 608 
Labline, Inc., Chicago Surgical & 
Electrical Co. Div. 
1956: 1 June, 1002 
Thomas, Arthur H., Co. 
1956: 2 Mar., 392 


ISOTOPE CHARTS 


Harshaw Scientific 
1956: 6 July, 42 


KYMOGRAPHS 


Harvard Apparatus Co., Inc. 
1956: 9 Mar., 395 












































Model 40 


laboratories. 


Model 50 


and 





NEW 
FORWARD 
LAB-LOOK 


LABORATORY JACK 


Central Scientific Co. 
1956: 30 Mar., 560 


LABORATORY SUPPLIES 


Clay-Adams, Inc. 
1956: 19-Oct., 702 
Standard Scientific Supply Corp. 
1956: 17 Feb., 303; 20 July, 133 
Synthetical Laboratories 
1956: 19 Oct., 704 
Thomas, Arthur H., Co. 
1955: 4 Nov., 896; 2 Dec., 
Dec., 1288 
1956: 6 Jan., 40; 16 Mar., 480 


LAMPS 


Biddle, James G., Co. 
1956: 18 May, 905 


for °56 by C.8. &E. 


Backed by fifty years of experience the Chicago Surgical 
and Electrical Company presents the “Forward Look,” 
in the field of centrifuges.—Not only does this embody 
improvement of design, but in every phase of con- 
struction and craftsmanship . . . 
of equipment for medical, 


To one end; perfection 
chemical, and research 


Two new 6-tube 15 ml. safety a ae centrifuges, Models 40 and 

50 are fully enclosed and have sa 

no exposed revolving parts and 

eliminated. Distinctive C. S. & E. styling with Sand-Tan Finish. 

Streamlined aluminum housing. Speed of Model 40 is constant 
1700 RPM, while Model 50 has 

regulation from 0 to 5000 RPM, with built-in timer. 
Model 50 is ball-bearing, lubricated for life. Easy loading 
and unloading. 


- cap for loading. There are 
a 


hmite -rheostat giving speed 


Embodying many safety fontaees, the Model 10 (Size 1) 


odel 20 (Size 2) C Centrifuges are de- 


signed for use in medical and industrial laboratories. 
abinets are of most modern furniture type design 
finished in Sand-Tan with black Formica top; electric 


brake eliminates brake shoes; built-in owerstat 
gives stepless speed control; dial sr 8 indi- 
cator indicates speed up to 6,000 RP auto- 


matic electric timer; al oiinas are iatedlonieed 
for operator safety. Motor is lubricated for life. 
Model 10 will accommodate all types of heads 
suitable for Size 1 Centrifuges; Model 20 
takes all Size 2 heads and accessories. Both 
units offer convenient storage space for 
accessories. Model 10 comes with &% HP 
motor; Model 20 has % HP motor. Both 
models may be supplied with refrigera- 
tion for operation below room tem- 


perature. 
SEND FOR 
BULLETIN NO. 


S-610 


= 
Laie 


CHICAGO SURGICAL & ELECTRICAL CO. 


Division of Labline, Inc. 


3070-82 West Grand Avenue > 


848 


Chicago 22, Illinois 


1120; 30 


nger from flying glass is 


otor of 








Daigger, A., and Co. 

1955: 25 Nov., 996-997 
Edmund Scientific Corp. 

1955: 4 Nov., 855; 2 Dec., 1050 
Rudolph, O. C., & Sons 

1956: 27 Apr., 696 


MACROSCOPES 


Bausch & Lomb Optical Co. 
1955: 2 Dec., 1060 
1956: 27 Jan.,: 126; 
ct., 658 


23 Mar., 482; 12 


MANOMETERS 


Will Corp. 
1956: 16 Mar., 475 


MARKING PENS 


Standard Scientific Supply Co. 
1956: 20 July, 133 


MELTING POINT APPARATUS 


Nalge Co. 
1956: 13 Apr., 642 


MERCURY VAPOR DETECTOR 


Kruger, Harold, Instruments 
1956: 1 June, 1000 


METALLOGRAPHIC EQUIPMENT 


Fisher Scientific 
1956: 5 Oct., 608 


MICROANALYSIS EQUIPMENT 


American Optical Instrument Div. 
1955: 11 Nov., 944 
1956: 6 Apr., 608 

Custom Scientific Instruments, Inc. 
1956: 17 Feb., 299 

Jarrell-Ash Co. 
1956: 28 Sept., 563 

Leitz, E., Inc. 
1956: 8 June, 1013; 17 Aug., 295; 28 

Sept., 561 

Stoelting, C. H., Co. 
1955: 18 Nov., 990; 
1956: 27 Jan., 159 


16 Dec., 1202 


MICROBIOLOGICAL MEDIA 


Difco Laboratories 

1956: 13 Jan., 75; 10 Feb., 239; 6 Apr., 
599; 4 May, 811; 1 June, 1003; 29 June, 
1150; 27 July, 192; 21 Sept., 549 
Hyland Laboratories 

1956: 22 June, 1138 
Standard Scientific Supply Corp. 

1955: 4 Nov., 885 

1956: 20 Jan., 82; 16 Mar., 435 


MICROPRINT READERS 


Eastman Kodak Co. 
1955: 18 Nov., 991; 2 Dec., 1054 
1956: 4 May, 809 


MICROSCOPE ACCESSORIES 


American Optical Instrument Div. 
1955: 23 Dec., 1248 
1956: 24 Feb., 344 
Bausch & Lomb Optical Co. 
1956: 8 June, 1016; 22 June, 1100; 6 
July, 8; 20 July, 102 
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Biological Institute 

1956: 20 Apr., 685 
Custom Scientific Instruments, Inc. 

1956: 13 July, 91 
Edmund Scientific Corp. 

1955: 4 Nov., 855; 2 Dec., 1050 
Fisher Scientific 

1956: 5 Oct., 608 
Hacker, William J., & Co., Inc. 

1955: 2 Dec., 1055; 16 Dec., 1163 
Leitz, E., Inc. 

1955: 28 Oct., 810; 11 Nov., 901; 18 
Nov., 947; 25 Nov., 994; 9 Dec., 1122; 16 
Dec., 1208; 23 Dec., 1210 

1956: 20 Jan., 83; 17 Feb., 245; 2 Mar., 
349; 25 May, 917; 29 June, 1148; 6 July, 
5; 3 Aug., 200; 31 Aug., 382; 12 Oct., 
700 
Rosenthal, Paul 

1956: 5 Oct., 647 
Silge & Kuhne 

1955: 4 Nov., 854; 30 Dec., 1282 
Zeiss, Carl, Inc. 

1955: 2 Dec., 1105 

1956: 17 Feb., 251; 29 June, 1148; 28 
Sept., 564 


MICROSCOPES 


American Optical Instrument Div. 

1956: 15 June, 1096; 29 June, 1192; 13 
July, 96; 27 July, 196; 10 Aug., 292; 5 
Oct., 652 
Bausch & Lomb Optical Co. 

1955: 28 Oct., 814; 11 Nov., 906; 25 
Nov., 1002 

1956: 6 Jan., 8; 20 Jan., 86; 13 Apr., 
616; 27 Apr., 704; 8 June, 1016; 22 June, 
1100; 20 July, 102; 12 Oct., 658 
Ferner, R. Y., Co., Inc. 

1955: 28 Oct., 847 
Fisher Scientific 

1956: 12 Oct., 608 
Graf-Apsco Co. 

1956: 17 Feb., 297 
Hacker, William J., & Co., Inc. 

1955: 2 Dec., 1055 
Olympus Optical Instrument Co. 

1955: 2 Dec., 1056 

1956: 7 Sept., 456; 21 Sept., 551 
Silge & Kuhne 

1955: 30 Dec., 1282 

1956: 17 Feb., 296 
United Scientific Co. 

1956: 13 Jan, 74; 27 Jan., 155; 10 
Feb., 206; 23 Mar., 517; 15 June, 1092; 
27 July, 190; 28 Sept., 598; 5 Oct., 647; 
19 Oct., 739 
Zeiss, Carl, Inc. 

1955: 18 Nov., 992 

1956: 27 Jan., 122; 6 Apr., 562; 25 
May, 959; 29 June, 1148; 27 July, 150 


MICROSCOPES, ELECTRON 


Radio Corporation of America 
1955: 16 Dec., 1207 


MICROSCOPES, INTERFERENCE 


American Optical Instrument Div. 
1955: 28 Oct., 848; 9 Dec., 1160 
1956: 23 Mar., 520; 18 May, 912 


MICROSCOPES, PHASE 


Hacker, William J., & Co., Inc. 
1955: 18 Nov., 979 

United Scientific Co. 
1955: 9 Dec., 1148 
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Natural Hand Movement controls 
the Cailloux Micromanipulator 


RESPONSIVE, ONE-LEVER CONTROL 
PNEUMATICALLY OPERATED 


DESIGNED FOR WORKING UNDER 
MAGNIFICATION 100X to 2000X 


* 
* 
* 


Here is a Micromanipulator that gives you complete freedom of 
| motion anywhere in space, as you normally move your hand. 
| The microtool feels like an extension of the lever you’re holding 

(reversed position of the microscope image is automatically com- 

pensated for). 


| No prolonged practicing is necessary . . . there are no knobs 
| to turn . . . merely move handle in space and the microtool fol- 

lows unerringly, reducing the movement 90 to 1. Lever control is 
held with hand and arm relaxed, resting on table, which reduces 
| fatigue and involuntary movements. 


| There is no back lash, lost motion or vibration. Since low 
| air pressure is used, no lubricants are needed and “drift” and 
““creepage”’ are minimized. Unique sleeve orients the microtool 
| in a pre-set position in the holder, saving time and breakage. 


| 18631T—CAILLOUX MICROMANIPULATOR with set of 6 microtools 
and one moist chamber for hanging drop technique .......... $750.00 


Wil 
Specialists in OD seiensisic Supply 


ROCHESTER 3, N.Y. © ATLANTA 1, GA.» NEW YORK 12, N.Y. » BALTIMORE 24, MD. + BUFFALO 5, N.Y. 
849 


CORPORATION 


and subsidiaries 


| 











EC-COUNTERCURRENT 
FRACTIONATOR 


rome 





For separation and analysis 
of mixtures 


EC401 ELECTROPHORESIS 
APPARATUS 


For either Paper or 
Starch Electrophoresis 





EC135 ELECTROCONVECTION 
APPARATUS 





For fractionation of 
Protein Mixtures 


Send for complete 
information 


E-C APPARATUS CO. 


538 Walnut Lane 
Swarthmore, Penna. 
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MICROSCOPES, POLARIZING 


Bausch & Lomb Optical Co. 
1956: 6 July, 8; 3 Aug., 202 
United Scientific Co. 
1955: 25 Nov., 1032 
1956: 24 Aug., 374 


MICROSCOPES, STEREOSCOPIC 


American Optical Instrument Div. 

1956: 13 Jan., 80; 10 Feb., 240; 9 
Mar., 432; 20 Apr., 688; 17 Aug., 340; 
21 Sept., 556; 28 Sept., 604; 19 Oct., 740 
Bausch & Lomb Optical Co. 

1955: 9 Dec., 1126; 23 Dec., 1214 
Ercona Corp. 

1956: 23 Mar., 484 


MICROSCOPES, STUDENT 


American Optical Instrument Div. 

1955: 23 Dec., 1248 
Edmund Scientific Corp. 

1955: 4 Nov., 855; 2 Dec., 1050 

1956: 6 Jan., 32; 3 Feb., 195; 2 Mar., 
384; 6 Apr., 602; 6 July, 40; 3 Aug., 236 
Leitz, E., Inc. 

1956: 16 Mar., 436; 30 Mar., 559; 13 
Apr., 613; 27 Apr., 699; 11 May, 818; 22 
June, 1098; 20 July, 100; 14 Sept., 464 
United Scientific Co. 

1956: 12 Oct., 697 


MICROTOMES AND ACCESSORIES 


American Optical Instrument Div. 
1956: 1 June, 1008 
Erb & Gray Scientific 
1956: 28 Sept., 560 
Hacker, William J., & Co., Inc. 
1956: 17 Feb., 293; 2 Mar., 387; 16 
Mar., 473; 30 Mar., 558 
Leitz, E., Inc. 
1955: 4 Nov., 857; 2 Dec., 1049; 30 
Dec., 1251 
1956: 6 Jan., 5; 3 Feb., 199 
Sorvall, Ivan, Inc. 
1955: 25 Nov., 1035; 2 Dec., 1113 
1956: 17 Feb., 294; 4 May, 776; 22 
June, 1139; 21 Sept., 510 
Thomas, Arthur H., Co. 
1956: 6 July, 48 


MIXERS 


Biochemical Associates 

1956: 25 May, 956; 8 June, 1054 
Machlett, E., & Son 

1956: 10 Feb., 206 
Sorvall, Ivan, Inc. 

1955: 2 Dec., 1113 

1956: 21 Sept., 510 


MONOCHROMATORS 


Biddle, James G., Co. 

1956: 20 Jan., 119; 15 June, 1095 
Farrand Optical Co., Inc. 

1956: 10 Aug., 250 
Jarrell-Ash Co. 

1956: 24 Feb., 306 
Perkin-Elmer Corp. 

1956: 3 Feb., 162 
Photovolt Corp. 

1955: 4 Nov., 856; 2 Dec., 1056; 30 
Dec., 1252 

1956: 13 Jan., 72; 3 Feb., 198; 2 Mar., 
390; 30 Mar., 524; 27 Apr., 700; 18 May, 





907; 15 June, 1060; 13 July, 91; 24 Aug., 
375; 19 Oct., 702 


NITROGEN ANALYZER 


Aloe, A. S., Co., Aloe Scientific Div. 
1956: 7 Sept., 451; 5 Oct., 651 


OILS 


Biddle, James G., Co. 
1955: 23 Dec., 1243 
1956: 17 Feb., 302; 20 July, 138 


OPTICAL EQUIPMENT 


Rudolph, O. C., & Sons 
1956: 17 Feb., 250; 27 Apr., 696 


OVENS 


Fisher Scientific 
1956: 5 Oct., 608 
Research Equipment Corp. 
1955: 16 Dec., 1203 
1956: 7 Sept., 424 
Will Corp. 
1956: 14 Sept., 503 


PETROLEUM-TESTING 
EQUIPMENT 


Fisher Scientific 
1956: 5 Oct., 608 


pH INDICATORS 


Cambridge Instrument Co., Inc. 
1956: 17 Feb., 302 

Coleman Instruments, Inc. 
1956: 20 July, 134 

Fisher Scientific 
1956: 5 Oct., 608 

LaMotte Chemical Products Co. 
1955: 9 Dec., 1124 

Photovolt Corp. 
1955: 18 Nov., 948; 9 Dec., 1149 


PHOSPHORS 


General Electric Co. 
1956: 7 Sept., 422 


PHOTOGRAPHIC EQUIPMENT 


Eastman Kodak Co. 
1956: 4 May, 809; 8 June, 1047; 6 
July, 39 


PHOTOMETERS, EXPOSURE 


Brinkmann Instruments, Inc. 

1955: 4 Nov., 866 

1956: 27 Jan., 159 
Photovolt Corp. - 

1955: 23 Dec., 1212 

1956: 20 Apr., 686; 25 May, 955; 22 
June, 1143; 20 July, 137; 17 Aug., 339; 
28 Sept., 597 
Rosenthal, Paul 

1956: 4 May, 810; 28 Sept., 602 


PHOTOMETERS, FLAME 


Biddle, James G., Co. 
1955: 28 Oct., 843 
1956: 20 Jan., 119; 15 June, 1095 
Standard Scientific Supply Corp. 
1955: 2 Dec., 1051 
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. | CENTRIFUGE 
CSI’s CO, STORAGE CABINETS 


THECSI HIGHSPEED 
ANGLE CENTRI- 
FUGE with four new 
design changes give the 
laboratory work a reli- 
able and modern unit 
for maximum flexibility, 
continuous operation 
and ease of sterilization. 
Speed 14,000 rpm, tube 
| angle 32°. 










és 
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Model CS-26 


DRY ICE STORAGE 
CABINETS for storing 
vaccines, viruses, drugs 
and other biologicals and 
pharmaceuticals requir- 
ing very low tempera- 
tures for preservation. 
Selection of inserts for 











Model CS-34 storage to fit. 

| As our name implies we also welcome the opportunity to 
\ work on custom design and manufacture of testing instru- 
ments of all types for individual and general needs. 








Folders and prices upon request. 


CUSTOM SCIENTIFIC INSTRUMENTS, INC. 


541 Devon Street, Kearny, N. J. 











New DIFCO} Antisera 


BACTO C PROTEIN 
ANTISERUM 


for detection and quantitation of 
inflammatory diseases. 


BACTO GROUP A STREPTOCOCCAL 
ANTISERUM 


for detection of Group A Streptococci 


BACTO E. COLI OB and O 
ANTISERA 


for identification of Enteropathogenic 
E. Coli serotypes 


Specify Difco Antisera 
POTENT e SPECIFIC e RELIABLE 


Literature available on request 


DIFCO LABORATORIES 
DETROIT 1, MICHIGAN 


































A complete apparatus 
for paper strips and 
starch blocks 


we 





| For RESEARCH / CLINICAL OUTPUT / LARGE SCALE SEPARATIONS 


Unique Features: 


1, Uses 2 widths of paper strips, 44” and 1”. 
) 2. Separates 10 ml samples by rapid and precise starch technique 


\. 3. Furnished with sample applicator, pre-punched 
strips, wicks, buffer, reagents, dyeing and washing 
pans, record folders, etc. 


4. Paper carrier holds strips taut throughout electrophoresis. 
5. Power supply designed especially for research. 
6. Complete illustrated operating instructions provided. 


Nothing to add but water! 
Write for Buletin N3-1000 





LABORATORY GLASS & INSTRUMENTS CORP. 





A laboratory 
apparatus for 
rapid mechanical 
dialysis of 
multiple samples 


SAMPLE } 
VOLUME 
1 to 4,000 ml 





Unique Features: 


1. As many as 32 samples dialyzed at one time. 

2. Each sample dialyzed against its own buffer. 

3. Complete dialysis by agitating both buffer and sample. 
4. 


Portions of sample and buffer may be removed from stand- 
ard unit without disassembly. 


5. Dialysis time reduced to less than two hours for most appli- 
cations. 


6. Accessory available for continuous dialysis with tempera- 
ture control. 


* Developed at the Research Branch, National Cancer Institute, National In- 
stitutes of Health, Bethesda, Md. 


514 W. 147th Street, New York 31, N. Y. 
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i New 
ACADEMIC PRESS 





Publications 


Synthetic Polypeptides: 
PREPARATION, STRUCTURE, AND 
PROPERTIES 
By C. H. Bamrorp, A. Extiott, and 
W. E. Hansy 
October 1956, 445 pp., illus., 
approx. $10.00 
Physical Methods in Chemical 
Analysis 
VOLUME III 
Edited by Watter G. BERL 





October 1956, 652 pp., illus., 
approx. $14.00 


Jets, Wakes, and Cavities 
By G. BIRKHOFF 
and E. H. ZARANTONELLO 
November 1956, about 355 pp., illus., 
$10.00 


Fundamental Concepts of Algebra 
By CLaupE CHEVALLEY 
October 1956, 241 pp., illus.; $6.80 


Methods in Enzymology 
VOLUME III 
Edited by S. P. Cotowick 
and N. O. KAPLAN 
November 1956, about 1,175 pp., 
illus., approx. $25.00 


Momentum Transfer in Fluids 
By W. H. Corcoran, J. F. Oprett, 
and B. H. Sacre 
October 1956, 394 pp., illus., 


Rheology: 
THEORY AND APPLICATIONS 
Edited by Frepertck R. Erricu 
Volume I, October 1956, 761 pp., 
illus., $20.00 


Fatigue in Aircraft Structures 
Edited by A. M. FREUDENTHAL 
October 1956, 470 pp., illus., 

approx. $12.00 


Lectures on Immunochemistry 
By M. HEIDELBERGER 
October 1956, about 150 pp., illus., 
approx. $4.00 | 


$9.00 








Quantum Chemistry 
AN INTRODUCTION 
By WALTER KAuzMANN 
January 1957, 743 pp., illus., 
approx. $13.00 


Physical Techniques in Biological 
Research 
Edited by GerALp OsTER 
and ArTHUR W. POLLISTER 
VOLUME II: PHYSICAL CHEMICAL 
TECHNIQUES 
November 1956, about 490 pp., illus., 
$12.8) 


(Three-volume work now complete) 


Gas Dynamics 
By Kraus OswatITscH 
English version by Gustav Kuert1 
November 1956, 610 pp., illus., 
12.00 


The Fundamentals of Electric Log 
Interpretation 
Second edition, completely revised and 
reset 
By M. R. J. Wyte 
November 1956, about 150 pp., illus., 
approx. $4.00 





Special leaflets available upon request 


ACADEMIC PRESS Inc. 





111 Fifth Avenue, New York 3, N.Y. 








PHOTOMETERS, MICRO 


Jarrell-Ash Co. 
1956: 27 Apr., 702 


PHOTOMETERS, MULTIPLIER 


Photovolt Corp. 

1955:.4 Nov., 856; 2 Dec., 1056; 30 
Dec., 1252 

1956: 16 Mar., 474 


PHOTOMICROGRAPHIC 
EQUIPMENT 


American Optical Instrument Div 

1956: 27 Jan., 160; 4 May, 816 
Biological Institute 

1956: 20 Apr., 685 
Brinkmann Instruments, Inc. 

1955: 4 Nov., 886 

1956: 27 Jan., 159 
Eastman Kodak Co. 

1955: 9 Dec., 1147 
Fish-Schurman Corp. 

1955: 2 Dec., 1118 

1956: 17 Feb., 294 
Photovolt Corp. 

1955: 23 Dec., 1212 

1956: 20 Apr., 686; 25 May, 955; 22 
June, 1143; 20 July, 137; 17 Aug., 339; 
28 Sept., 597 
Rosenthal. Paul 

1956: 4 May, 810; 28 Sept., 602 
Silge & Kuhne 

1955: 4 Nov., 854; 2 Dec., 1112; 30 
Dec., 1282 

1956: 27 Jan., 158: 17 Feb., 296; 23 
Mar., 515 
Zeiss. Carl, Inc. 

1956: 6 Apr., 562; 29 June, 1148; 28 
Sept., 564 


PIPETTES AND ACCESSORIES 


Bellco Glass, Inc. 

1956: 9 Mar., 398 
Clay-Adams, Inc. 

1956: 27 Jan., 159; 13 Apr., 646; 15 
June, 1060 
Instrumentation Assoc. 

1956: 10 Feb., 206; 8 June, 1054 
Machlett, E., & Son 

1955: 4 Nov., 860 
National Instrument Co. 

1955: 4 Nov., 889; 2 Dec., 1054 
Phipps & Bird, Inc. 

1956: 27 Jan., 152: 10 Feb., 235: 24 
Feb., 308; 27 Apr., 700; 4 May, 772; 11 
May, 820 
Sorvall, Ivan, Inc. 

1956: 4 May, 776 
Standard Scientific Supply Corp. 

1956: 4 May, 775 


POLARIMETERS 


Fish-Schurman Corp. 
1956: 20 July, 142 
Jarrell-Ash Co. 
1956: 24 Feb., 306 
Rudolph, O. C., & Sons 
1956: 17 Feb., 250; 27 Apr., 696 


POWER CONTROLLER 


Heller, Gerald K., Co. 
1956: 2 Mar., 387 





PROJECTORS 


Bausch & Lomb Optical Co. 

1955: 28 Oct., 814; 11 Nov., 906; 25 
Nov., 1002 

1956: 3 Feb., 166; 17 Feb., 254; 2 Mar., 
354; 16 Mar., 438; 30 Mar., 526; 12 Oct., 
658 
Eastman Kodak Co. 

1956: 10 Aug., 285 
Hacker, William J., & Co., Inc. 

1955: 2 Dec., 1055 
Silge & Kuhne 

1956: 17 Feb., 296 
Zeiss, Carl, Inc. 

1956: 23 Mar., 483; 24 Aug., 342 


PUMPS 


Biddle, James G., Co. 
1956: 19 Oct., 702 

Central Scientific Co. 
1955: 11 Nov., 898 

Fisher Scientific 
1956: 5 Oct., 608 

Harvard Apparatus Co., Inc. 
1956: 8 June, 1054 

Welch, W. M., Manufacturing Co. 
1956: 4 May, 774 


PUMP PLATE 


Central Scientific Corp. 
1956: 24 Aug., 344; 21 Sept., 512 


PYROMETERS 


Standard Scientific Supply Corp. 
1956: 17 Aug., 296 


RADIATION COUNTERS 


American Hospital Supply Corp., 
Scientific Products, Div. 

1956: 10 Aug., 247 
Beckman Instruments, Inc., Berkeley Div. 

1955: 4 Nov., 888 

1956: 6 Jan., 38; 24 May, 770 
Biddle, James G., Co. 

1956: 20 Jan., 119; 15 June, 1095 
Cambridge Instrument Co., Inc. 

1955: 2 Dec., 1118 

1956: 13 Apr., 646 
Central Scientific Co. 

1956: 6 Jan., 2; 1 June, 964 
Nuclear Corporation of America, Inc., 
NRD Instrument Co. Div. 

1955: 2 Dec., 1058 

1956: 13 Apr., 647; 11 May, 863; 8 
June, 1010 
Nuclear Instrument and Chemical Corp. 

1955: 28 Oct., 841; 25 Nov., 998; 2 
Dec., 1104 

1956: 27 Jan., 153; 24 Feb., 339; 30 
Mar., 553; 27 Apr., 761; 25 May, 914; 
29 June, 1146; 27 July, 191; 24 Aug., 
346; 31 Aug., 415; 28 Sept., 599 
Packard Instrument Co. 

1956: 27 Apr., 759; 8 June, 1048; 13 
July, 92 
Tracerlab, Inc. 

1956: 13 Jan., 32; 10 Feb., 203; 9 
Mar., 394; 13 Apr., 610; 18 May, 867; 
17 Aug., 294 


RADIATION RESEARCH 
EQUIPMENT 


Cambridge Instrument Co., Inc. 
1955: 2 Dec., 1118 
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WHAT MAN MAY BE 


The Human Side of Science 


by GEORGE RUSSELL HARRISON 
Dean of the School of Science, M.I.T. 


Reassuring and supremely lucid, this book relates 
man as a human being to the complex world of 
today, and affirms his continuing capacity for 
growth—now and tomorrow. 


“A superbly readable and magnificently informed 
book which stretches the imagination as with a 
200-inch telescope.”—Sterling North, New York 
W orld Telegram and Sun. 


“He eloquently sets forth his abiding faith in the 
spirituality of science. What distinguishes this 
presentation are the author’s simplicity and his 
gift of distilling into a sentence or two the labors 
of whole generations of astronomers, chemists and 
biologists.’—Waldemar Kaempffert, N. Y. Times. 


$4.00 at all bookstores, or direct from 
WILLIAM MORROW AND COMPANY, INC. 
Dept. 53, 425 4th Ave., New York 16, N.Y. 

















RECIPROCATING SHAKER-BATHS 
Models RW100, RW600 





FOR MICROBIOLOGICAL, BIOCHEMICAL and 
GENERAL CHEMICAL RHSEARCH 


PRECISE TEMPERAT URE CONTR OL UNDER VARYING 
CONDITIONS OF AGITATION AND AERATION 

e Temperature range approximately ambient to 100° C.; ac- 
curacy within + 4° C. 
(coils for cooling water on special order) 

e@ Speed range—75 to 200 cycles per minute, continuously 
variable 

e@ Adjustable stroke, 4”, 1”, 144” 

e@ Interchangeable Platforms for all sizes of Erlenmeyer Flasks, 
or special holding devices for — individual requirements 

@ Rugged Construction—Quiet Operation 


UNCONDITIONALLY GUARANTEED FOR ONE YEAR 


PRECISION APPARATUS 


LABORATORY 
P. 0. BOX 606 + NEW BRUNSWICK, N. J. 
































Enthusiastically accepted by clinical laboratories all 
over America — 


Sigma’s New Colorimetric Procedure For 


SERUM SGO-TRANSAMINASE 


operates at 480 to 530 my 


ENTIRE PROCEDURE REQUIRES ONLY FOUR 
SIMPLE STEPS! 

. Add 0.2 ml serum to 1 ml Prepared Substrate at 37° or 
40 C. 
. After 60 minutes, add 1 ml Color Reagent. 
. After 20 minutes at room temperature, add 10 ml 0.4N 
NaOH. 
. At exactly 30 minutes more, read vs. water at approxi- 
mately 505 mn. 


MINIMUM KIT (100 Determinations) 
Stock No. 505—$13.50 


DOES NOT REQUIRE an ultraviolet spectrophotometer, 


_ 


wen 


= 


tion with Toluene as in other published methods. 


Write for our NEW Bulletin +505 


Call Sigma for reagents for any Transaminase 
Procedures. 





or deproteinization with T.C.A., or centrifuging, or extrac- . 





Certainly the PROCEDURE OF CHOICE 


FOR SERUM PHOSPHAT ASE— 
SIGMA 104 PHOSPHATASE SUBSTRATE 
Ask for Bulletin +104 


For UREA NITROGEN, 


we urge you to use 


SIGMA TYPE II UREASE 


Powder or Tablets 





BE SURE TO GET YOUR FALL 1956 CATALOG LIST- 
ING PREVIOUSLY UNAVAILABLE COMPOUNDS. 


PHONE COLLECT: DAN BROIDA, ST. LOUIS, MO. 
Office: PRospect 1-5750 Home: WYdown 3-6418 























SIGMA 


CHEMICAL COMPANY 
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3500 DeKalb STREET, ST. LOUIS 18, MO., U.S.A. To stes 
MANUFACTURERS OF THE FINEST BIOCHEMICALS AVAILABLE 
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General Electric Co. Lab-Tronics, Inc. 


1956: 6 Apr., 607; 4 May, 815 1956: 17 Feb., 243 
Nuclear Instrument and Chemical Corp. Sanborn Co. 

1956: 25 May, 914 1956: 27 Apr., 695; 15 June, 1058; 20 
Tracerlab, Inc. July, 98 


1956: 29 June, 1191 
REFRACTOMETERS 
RARE EARTHS 
Fisher Scientific 
Lindsay Chemical Co. 1956: 5 Oct., 608 
1956: 20 July, 144; 21 Sept., 555 Jarrell-Ash Co. 
1956: 24 Feb., 306 
RECORDERS, GRAPHIC 
RHEOSTATS 
Varian Associates : 
1956: 3 Feb., 195; 6 Apr., 602; 1 June, Biddle, James G., Co. 
1000; 3 Aug., 238; 5 Oct., 643 1955: 18 Nov., 990 
1956: 9 Mar., 431; 17 Aug., 336 
RECORDING EQUIPMENT, 


BIOPHYSICAL SHAKERS 
Aloe, A. S., Co., Aloe Scientific Div. Clay-Adams, Inc. 
1956: 3 Aug., 237 1956: 17 Feb., 250; 18 May, 905; 7 
American Hospital Supply Corp., Sept., 424 
Scientific Products Div. Eberbach Corp. 
1956: 18 May, 870 1956: 10 Feb., 204; 24 Feb., 308; 9 












LASTIC TUBING 


oT RE 





.-. because Tygon formulation R-3608 is the 
original plastic tubing specifically developed to 
serve virtually every tubing need in the 
laboratory. Chemically inert, physically tough 
it is used for every liquid, gas and air 
transmission task normally encountered. Its 
“window-pane” transparency permits more 
accurate flow control, better process control. 
Easy to connect, easy to handle, it retains 
clarity and flexibility through long, hard usage. 



















... because millions of feet of Tygon 
Laboratory Tubing and years of experience 
have proven it to be the favorite among 
laboratories all over the world. There is 

only one Tygon, every foot is branded for 
your protection. Be sure to specify — be sure 
to get the genuine TYGON Flexible Plastic 
TUBING. 









AT YOUR LABORATORY - U. Ss. , ONEWA RE 


SUPPLY HOUSE AKRON 9,-OHIO 












Mar., 396; 23 Mar., 484; 6 Apr., 603; 19 


Oct., 704 


New Brunswick Scientific Co. 

1955: 4 Nov., 894; 18 Nov., 991; 2 
Dec., 1110; 30 Dec., 1286 

1956: 13 Jan., 75; 27 Jan. 158; 10 


Feb., 238; 9 Mar., 430; 
Apr., 601; 4 May, 814; 


23 Mar., 516; 6 
18 May, 907; 1 


June, 966; 15 June, 1095; 13 July, 95; 
10 Aug., 286; 7 Sept., 449; 5 Oct., 651; 


19 Oct., 704 


SKELETON, MODEL 


Welch, W. M., Manufacturing Co. 


1955: 18 Nov., 950 
1956: 27 July, 195 


SMOKE-SAMPLING APPARATUS 


Phipps & Bird, Inc. 
1956: 27 July, 147 


SOLAR ENERGY CONVERTERS 


Edmund Scientific Corp. 

1956: 6 Apr., 602; 4 May, 808; 1 June, 
1001; 7 Sept., 448; 5 Oct., 644 
International Rectifier Corp. 

1956: 27 July, 146; 24 Aug., 343; 28 


Sept., 603 


SPECTROGRAPHS 


Brinkmann, C. A., & Co. 


1955: 28 Oct., 843 
Jarrell-Ash Co. 


1956: 27 Apr., 702; 28 Sept., 563 


SPECTROMETERS AND 


ACCESSORIES 


Biddle, James G., Co. 
1955: 28 Oct., 843 
Ealing Corp. 
1956: 13 July, 95 
General Electric Co. 
1955: 9 Dec., 1159 
Jarrell-Ash Co. 
1956: 27 Apr., 702; 


28 Sept., 563 


Nuclear Corporation of America, Inc., 
NRD Instrument Co. Div. 


1956: 13 Apr., 647 


Nuclear Instrument and Chemical Corp. 


1955: 2 Dec., 1104 
1956: 27 Jan., 153 


Packard Instrument Co. 


1956: 27 Apr., 759 
Perkin-Elmer Corp. 

1955: 4 Nov., 853 

1956: 1 June, 1007 


SPECTROPHOTOMETERS AND 


ACCESSORIES 


American Optical Instrument Div. 


1955: 25 Nov., 1040 
Beckman Instruments, 
Instruments Div. 

1956: 7 Sept., 426 
Biddle, James G., Co. 

1956: 15 June, 1095 


Inc., Scientific 


Coleman Instruments, Inc. 


1956: 18 May, 904 
Fisher Scientific 

1956: 5 Oct., 608 
Jarrell-Ash Co. 

1956: 24 Feb., 306; 


27 Apr., 702 
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SPECIAL LaMOTTE REAGENTS 
developed as aids to 
Scientific Research and Analysis 


L-a-(Dimyristoyl)-lecithin 
A pure synthetic compound of known chemical and physical 
properties. Furnished in well-formed crystals exhibiting dis- 
tinct X-Ray diffraction and bifringence colors under polarized 
light. Has been used to replace natural lecithins in antigen mix- 
tures for serodiagnosis of syphilis in Kline tests. 
Available in gram and decigram quantities 


TIRON 

(disodium-1 ,2-dihydroxybenzene-3,5-disulfonate ) 
An extremely sensitive reagent for the colorimetric determina- 
tion of ferric iron in either acid or alkaline media (method of 
Yoe & Jones). 
Also used for determination of Titanium (method of Yoe & 
Armstrong). Tiron may be used to determine both Titanium 
and Iron in the same solution. 
Also used successfully for colorimetric determination of 
Neca in steels and other materials (method of Yoe and 
w 





Available in 1g., 5g., 10g., and 25g. packages 


ZINCON 
(2-Carboxy-2'-hydroxy-5'-sulfoformazylbenzene ) 

A new reagent for the colorimetric determination of Zine and 
Copper (method of Rush and Yoe). 

Both Zine and Copper form a blue complex with this reagent. 
The Zinc Complex is stable over the pH range 8.5 —9.5, while 
the Copper Compound is stable in the pH range 5.0-—9.5. This 
difference in effect of pH permits the determination of both zinc 
and copper in the presence of each other. 

Available in 1 gram and 5 gram packages 





Send for illustrated catalog describing LaMotte Colori- 
metric Methods for: 


*pH* *Chlorine* * Bromine* * Chromates* * Fluoride ° 
* Phosphates and Polyphosphates ° 
etc. 
THE LaMOTTE CHEMICAL 
PRODUCTS COMPANY 
Dept. H Chestertown, Maryland, U.S.A. 

















Just published: Vol. 10 (425 pages ) 


ANNUAL REVIEW OF 


MICROBIOLOGY 


Editorial Committee: S. P. Chilton, C. E. Clifton, 
M. D. Eaton, T. M. Sonneborn, W. W. Umbreit, 
P. W. Wilson 


Factors Affecting Resistance to Infection 

The Biology of the Cellular Slime Molds 

Review of the Microbiological and Immunological 
Literature Published in 1955 in the U.S.S.R. 

Antimicrobial Chemotherapy 

Mutual Relations in Fungi 

Nutrition of Bacteria and Fungi 

The Anaerobic Bacteria with Special Reference to 
the Genus 

Nutrition of Protozoa 

Antibodies as Indicators for Bacterial Surface Structures 

Pox Viruses 

Cytology of Bacteria 

Metabolism of Carbohydrates and Related Compounds 

Protozoa and Algae 

Metabolism of Nitrogenous Compounds 

Problems of Incubation in Plant Diseases 

Bats, and Their Relation to Rabies 

The Parasexual Cycle in Fungi 


Back Volumes Available 
$7.00 postpaid (U.S.A.) ; $7.50 postpaid (elsewhere) 


ANNUAL REVIEWS, INC. 


Grant Avenue, Palo Alto, California 






































CUSTOM MADE 


TOOL FOR THE ANALYSIS 


OF COMPLEX COLLOID SYSTEMS, AND FOR 


THE CONTROL OF PRODUCTION OF 


PURIFIED PROTEINS, ENZYMES, HORMONES 





KLETT MANUFACTURING CO. 


179 EAST 87TH STREET 
NEW YORK, N. Y. 
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RLETT 
ELECTROPHORESIS 











PHILOSOPHICAL 
LIBRARY BOOKS 


[] ATOMIC ENERGY BY A. RADCLIFFE AND E. C. 
ROBERSON. The book tells how the existence of atoms 
was proved and it shows what atoms are really like. It 
also tells what happens when atoms explode, and how 
the energy released in these explosions can be used in 
bombs or to drive trains, ships, airplanes and electric 
generators. $4.75 
[] TELEVISION ENGINEERING, Principles and Practice, 
BY S. W. AMOS AND D. C. BIRKINSHAW IN COLLABO- 
RATION WITH J. L. BLISS. A comprehensive survey of 
modern television principles and practice, on both the 
transmitting and receiving sides. Contents: Fundamentals 
—Camera Tubes—Television Optics—Electron Optics. IL- 
LUSTRATED. $15.00 
[]A HANDBOOK OF HARD METALS BY W. A 
DAWIHL. An abridged translation of ‘‘Handbuch Der 
Hartmetalle’’ dealing with scientific principles of sinter- 
ing and the technique of production of hard metals. IL- 
LUSTRATED. $10.00 
[] ENGINEERING INSPECTION, MEASUREMENT AND 
TESTING BY H. C. TOWN AND R. COLEBOURNE. Ex- 
plains the function of the modern factory inspecting de- 
partment, and briefly traces the development up to the 
present day of recognized standards and methods of 
measurement, PROFUSELY ILLUSTRATED WITH PHO- 
TOGRAPHS AND DIAGRAMS. $8.75 
(] INDUCTION HEATING PRACTICE BY D. WARBUR- 
TON-BROWN. A comprehensive study of the high-frequency 
induction heating process, by a leading expert, which deals 
particularly with its practical application to industrial 
problems. OVER 170 ILLUSTRATIONS. $10.00 
(] ELECTRICAL INTERFERENCE BY A. P. HALE. Covers 
the causes of interference; the effects of interference; re- 
ceiver aerial systems; measurement of interference level; 
location of sources of interference; avoidance of interfer- 
=: basic filters; safety; practical filters; and Faraday 
$4.75 
al ELECTRON CAPTURE AND LOSS BY NIELS BOHR & 
JENS LINDHARD. Electron capture and loss by heavy ions 
penetrating through matter. $3.75 
{] AETHER AND ELECTRICITY BY SIR EDMUND 
WHITTAKER. The first exhaustive history of the classical 
and modern theories of aether and electricity. Set of two 
volumes. $17.50 
(. FACTORY ELECTRIFICATION BY F. T. BARTHO 
AND C. H. PIKE. The authors are both experienced power 
engineers. $12.00 
(1) DICTIONARY OF POISONS BY I. AND E. MELLAN. 
Covers all organic & inorganic poisons, their composition, 
occurrence, effects, prevention, antidotes, ete. $4.74 
BIRD AND BUTTERFLY MYSTERIES BY BERNARD 
ACWORTH. Captain Acworth here offers in an omnibus vol- 
ume, with additions and amendments, his solutions of 
some of the mysteries surrounding the habits and life 
histories of birds and butterflies. $7.50 
(J PLANT PHYSIOLOGY BY MEIRION THOMAS, Profes- 
sor of Botany, King’s College, University of Durham. A 
general exhaustive survey of the field. ILLUSTRATED. 





$12.00 
([] SLEEP BY MARIE STOPES. In this book Dr. Stopes 
contributes many useful and new facts, enlivened by con- 
troversial ideas, which should be of the utmost interest 
to everybody $3.00 


([] MEASUREMENTS OF MIND AND MATTER BY G. 
W. SCOTT BLAIR. In this book, the author discusses those 
problems in the borderline region between physics and 
psychology, a territory which has been much neglected on 
account of the preoceupation of the physicists with the 
atom and of the psychologists with the Unconscious. $4.50 
(1 ABACS OR NOMOGRAMS BY A. GIET. Not only 
demonstrates the many and varied applications of the abac 
or nomogram, but shows how even those without highly 
specialized mathematical knowledge may construct their 
own charts. ILLUSTRATED. $12.00 
(] DICTIONARY OF PHOTOGRAPHY EDITED BY A. L. 
M. SOWERBY. This comprehensive reference book, alpha- 
betically arranged, covers every aspect. ILLUSTRATED. 
$10.00 
(1) DEAD TOWNS AND LIVING MEN BY SIR LEONARD 
WOOLLEY. The author is one of the world’s foremost 
archaeologists and the discoverer of the: treasures of Ur. 
ILLUSTRATED. $6.00 
(CU THE TRICKSTER BY PAUL RADIN. This study in 
American Indian mythology concerns the exploits of a 
grotesque individual whose main physical features are 
enormous digestive and sexual organs and who unites in 
himself some of the traits of a god, an animal, and a 
human being. $6.00 
(CD) LEIBNIZ-CLARKE CORRESPONDENCE. One of the 
most important documents of that period. $4.75 
() TREASURY OF WORLD LITERATURE EDITED BY 
DAGOBERT D. RUNES, PH.D.. It would take a lifetime of 
constant reading to explore fully the world’s vast treasury 
of literary wealth now EXCERPTED AND ASSEMBLED 
between the covers of this monumental book! This is not 
just another anthology of familiar writers from America 
and the West, but a sampling of virtually every culture 
that has left a permanent literary record—including the 
Orient, and the countries of Middle and Eastern Europe. 
1400 complete pages $15.00 


— THIS COUPON TODAY 


| Fall to your favorite bookseller or directly to it 
PHILOSOPHICAL LIBRARY, Publishers 
| 15 East 40th Street, Desk 2, New York 16, N. Y. 

Send books checked. To expedite shipment I enclose | 


| POMTELANCS F «05:00:60.6 niin lp dG bb.0.43 | 
| PAU oc cvaveure sees subevanekenaew evant bn | 
BES  sarreoneininsnenndehehanh dae ba 
= —_— $< = SS SF A SS A SS SS 
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Perkin-Elmer Corp. 

1956: 3 Feb., 162; 2 Mar., 
243; 24 Aug., 380 
Standard Scientific Supply Corp. 

1955: 2 Dec., 1051 


351; 3 Aug., 


STAINS, BIOLOGICAL 


Esbe Laboratory Supplies 
1956: 27 July, 188 
Matheson, Coleman & Bell 
1955: 4 Nov., 851 
1956: 13 Jan., 43 


STERILIZERS 


Castle, Wilmot, Co. 

1956: 13 Jan., 73; 10 Feb., 239; 14 
Sept., 499; 12 Oct., 699 
Fisher Scientific 

1956: 5 Oct., 608 


STIMULATORS 


American Electronic Laboratories, Inc. 
1955: 25 Nov., 1031 
Lab-Tronics, Inc. 
1955: 2 Dec., 1112 
1956: 27 Jan., 124; 
Feb., 342 


17 Feb., 243; 24 


STIRRERS 


Central Scientific Co. 
1956: 27 July, 148 
Fisher Scientific 
1956: 5 Oct., 608 
Precision Scientific Co. 
1955: 25 Nov., 998 
Thomas, Arthur H., Co. 
1956: 14 Sept., 508 


TAPES, HEATING 


Standard Scientific Supply Corp. 
1955: 25 Nov., 1039 


TELESCOPES 


Criterion Manufacturing Co. 
1956: 17 Feb., 246 
Edmund Scientific Corp. 
1955: 4 Nov., 855; 2 Dec., 
1956:-6 Jan., 32;°3 Peb., 3995: 2: saat. 
384; 6 Apr., 602; 4 May, 808; 1 June, 
1001; 6 July, 40; 3 Aug., 236; 7 Sept., 
448; 5 Oct., 644 
United Scientific Co. 
1955: 18 Nov., 980 
1956: 27 Apr., 760; 


1050 


13 July, 90 
TEST, ENDOCRINE 


American Hospital Supply Corp., 
Scientific Products Div. 

1956: 18 May, 870 
Endocrine Laboratories of Madison, Inc. 


1955: 11 Nov., 902; 9 Dec., 1153 
THERMOMETERS 


Yellow Springs Instrument Co., Inc. 
1956: 7 Sept., 451 


TITRATION EQUIPMENT 


Fisher Scientific 
1956: 5 Oct., 608 








Pane Books . . .— 


Essentials of 
Quantitative Analysis 


A. A. Benedetti-Pichler. Valuable 
laboratory manual and reference work 
for both organic and inorganic analysis. 
Book includes specific numerical data on 
the degree of precision of many unit 
operations, and supplies equations by 
which limits of error can be calculated 
for almost any quantitative operation. 
“Impressive . . . thorough, and firmly 
based on valuable practical detail.”— 
The Chemical Age. 138 ills., tables; 
666 pp. $15.00 


The Cultivation of 
Animal and Plant Cells 


Philip R. White. Theoretical and tech- 
nical treatment of laboratory culture 
methods stressing the cell as the basic 
physiological entity. “Highly recom- 
mended.”-—-Plant Life. 54 ills., 239 pp. 

$6 


The Evolution of Chemistry 


Eduard Farber. This absorbing volume 
is a history of the ideas, methods, and 
materials of chemistry. “. . . a well 
written, well documented, ever engross- 
ing narrative.”’—The Science Counse- 
lor. 30 ills., 349 pp. 


At bookstores or from: 


THE.RONALD PRESS COMPANY 


15 East 26th St.. New York 10 











Silver Proteinate Compound 


Ref. Dr. Hellwig, Virchows 
Archiv 327, 502 (1955) 


Genuine Nuclear Fast Red 
standardized (Kernechtrot) 


Aldehydefuchsine 


G. Gomori, Am. J. of Clin. 
Path. 20, 665-666 (1950) 


Cresyl (Echt( Fast Violet 
Crystal Violet 
Hoffman’s Violet (genuine) 


Celodal I or II 


(for embedding and preserv- 
ing biological specimens) 


And other Stains, Staining 
Solutions, etc. 


Manufactured by 
Farbenfabriken “Bayer” A.G. 


Leverkusen, Germany 


Distributed by 


Pfaltz & Bauer. Inc. 


EMPIRE STATE BUILDING, NEW YORK. 
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UNIVERSAL APPARATUS FOR 
MICROPREPARATIVE WORK 


Loss of Material due to 


Eliminates Vessel to Vessel Transfer 
































All Glass with Interchangeable © 19/22 Joints. Ideal for 
Refluxing, Distilling, Extraction, Separation, Crystalliza- 
tion and Filtration of Quantities of 50-1000 mg. 


Write for Catalogue listing all types of Small Scale Experi- 
mentation Apparatus and Assemblies 


Distillation Reaction Vessels 
Fractionation Hydrogenation 
Microsublimation Grignard 
Clamps — Test Tube Supports — Water Baths — Pipets 
RESEARCH INDUSTRIAL STUDENT LEVEL 
( 
THE SYNTHETICAL LABORATORIES 
5558 W. Ardmore Ave. Chicago 30, Illinois 
INDICATORS TETRAZOLIUM SALTS 


MICROCHEMICAL REAGENTS AND APPARATUS 










For Thorough Washing 
of All Types 
of Glassware 



























NON-TOXIC 
| for 


TISSUE CULTURE 


Found Best for General Lab- 
oratory Use Where a High 
Degree of Cleanliness is Re- 
quired. 





7X is instantly and com- 
pletely soluble in any con- 
centration. It will not leave 
a film nor etch glassware. 
7X is not harmful to hands. 
Used by leading laboratories and 
is available from your labora- 


tory supply dealer. 


Write Dept. $106 for Information 


LINBRO CHEMICAL CO. 


681 DIXWELL AVE., NEW HAVEN 11, CONN. 











MICROTOME KNIFE SHARPENER 
RSCo Model 2200 








IMPROVED DESIGN 

LONGER LIFE 

LESS COMPLEX OPERATION 
‘SIMPLIFIED MAINTENANCE 


The RSCO Model 2200 MICROTOME 
KNIFE SHARPENER, an improved 
design based on the well-known 
glass wheel and liquid abrasive 
suspension principle, keeps micro- 
tome knives in excellent condition 
for the most exacting of sectioning 
requirements, and it produces a 
sharpened and polished edge far 
superior to that obtainable by other 
methods. 


NES 2005 Hopkins Street, 
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WRITE FOR BULLETIN 2200 


a 
RESEARCH SPECIALTIES COMPANY 
















Berkeley 7, California 





physicists 
engineers 
mathematicians 





Who ‘ale interested 
in working on new, 
exploratory techni- 
cal developments 
are reading the 
Lincoln Laboratory 
folder. It describes 
some of our activi- 
ties in: 


SAGE 
semi-automatic 
ground environment 


AEW 
air-borne early warning 


SCATTER COMMUNICATIONS 
WHIRLWIND COMPUTER 


TRANSISTORIZED 
DIGITAL COMPUTERS 


MEMORY DEVICES 
HEAVY RADARS 
SOLID STATE 


If you would like a 
copy for yourself, or 
perhaps for some young 
man with a degree and 
little experience, let us 
know. Write: 


RESEARCH AND DEVELOPMENT 


MIT 


LINCOLN 
LABORATORY eee) 
Box 17 allele hit 
Lexington, Mass. EER? 
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Precision Scientific Co. 
1955: 25 Nov., 999 
Sargent, E. H., & Co. 
1956: 28 Sept., 558 


TUBING 
Thomas, Arthur H., Co. 
1956: 13 Apr., 648 
U.S. Stoneware 
1956: 17 Aug., 334; 7 Sept., 453; 28 
Sept., 596; 12 Oct., 694 
VACUUM GAUGE 
National Research Corp., NRC 


Equipment Corp., 
1956: 7 Sept., 423 


VACUUM TUBES 


General Electric Co. 
1955: 4 Nov., 895 


VAPOR EQUIVALENT APPARATUS 


Central Scientific Co. 
1955: 2 Dec., 1043 


VISCOMETERS 


Fish-Schurman Corp. 
1956: 27 Apr., 755 

Fisher Scientific 
1956: 5 Oct., 608 


WARBURG APPARATUS 
GME (Gilson-Medical Electronics) 
1955: 18 Nov., 990; 2 Dec., 1056 
Will Corp. 
1956: 16 Mar., 475 
WATER BATHS 


Fisher Scientific 
1956: 5 Oct., 608 


WATER DEMINERALIZERS 


Standard Scientific Supply Co. 
1956: 8 June, 1050 


X-RAY UNITS 
Jarrell-Ash Co. 


1956: 24 Feb., 306; 27 Apr., 702; 28 
Sept., 563 


ADVERTISERS APPEARING IN “THE MARKET 
PLACE” SECTION OF SCIENCE, 28 OCT. 
1955 THROUGH 19 OCT. 1956 


Abrahams Magazine Service 
56 E. 13 St., New York 3, N.Y. 


Albino Farms 
P.O. Box 331, Red Bank, N.J. 


Alpha Laboratories 
262 Mott St., New York 12, N.Y. 


American Lincoln Incubator Co. 
645 Somerset St., New Brunswick, N.J. 


| Animal Welfare Institute 


270 Park Ave., New York 19, N.Y. 


Applied Science Laboratories, Inc. 
140 N. Barnard St., State College, Pa. 


Armour and Co. Research Division 
Chicago, Ill. 


Ashley-Ratcliff Corp. 
24 E. 21 St., New York 10, N.Y. 


Beckman Instruments, Inc., Beckman Div. 
220 Wright Ave., Richmond 3, Calif. 


Ben Venue Laboratories, Inc. 
Bedford, Ohio 


Beta Laboratories, Inc. 


205 N. 3 St., Philadelphia 6, Pa. 


Biological Stain Commission, University 
of Rochester Medical Center 
260 Crittenden Blvd., Rochester 20, N.Y. 


Boyce Thompson Institute for Plant Re- 
search 
Yonkers 3, N.Y. 


Budd Mt. Rodent Farm 
R.R. #1, Chester, N.J. 


Butterworth Hospital 
Grand Rapids, Mich. 


Canner, J. S., Inc. 
46 Millmont St., Boston 19, Mass. 


Cargille, R. P., Laboratories, Inc. 
117 Liberty St., New York 6, N.Y. 


Charles River Breeding Labs., Inc. 
Wilmington, Mass. 


Chromatography Co. 
463 Fairfield Pike, Yellow Springs, Ohio 


Dairy Industry Dept., Cornell University 
Ithaca, N.Y. 


Dawson, Kenneth A., Co. 
106 Concord Ave., Belmont 78, Mass. 


Electro-Medical Laboratory, Inc. 
South Woodstock, Vt. 


Endocrine Laboratories of Madison, Inc. 
501 W. Beltline Highway, Madison 1, 
Wis. 


Esbe Laboratory Supplies 
459 Bloor St., W., Toronto, Canada 


SCIENCE, VOL. 124 





—————————— 








Fal 
Ind 


Fer 


as 











Falcon’s Wing Press 
Indian Hills, Colo. 


Ferner, R. Y., Co., Inc. 
110 Pleasant St., Malden 48, Mass. 


Flanders Research Farms 
Box 22A, Flanders, N.J. 


Folkway Records & Service Corp. 
117 W. 46 St., New York 36, N.Y. 


Food Research Laboratories, Inc. 
48-14 33 St., Long Island City 1, N.Y. 


G & W Laboratories, Inc. 
1-35 Ocean Ave., Jersey City, N.J. 


Galesburg State Research Hospital 
Galesburg, IIl. 


Garfield, Oliver, Co. 
126 Lexington Ave., New York 16, N.Y. 


Gilson Medical Electronics (GME) 
714 Market Place, Madison, Wis. 


Greenwich Book Publishers, Inc. 
489 Fifth Ave., New York 17, N.Y. 


Gurley, W. & L. E. 
Troy, N.Y. 


Heffer, W., and Sons, Ltd. 
Sidney St., Cambridge, England 


Holtzman Rat Co. 
Route 4, Badger Lane, Madison 5, Wis. 


Hormone Assay Laboratories, Inc. 
8159 S. Spaulding Ave., Chicago, Ill. 


Hubbs, Charles F., and Co. 
53-01 11 St., Long Island City 1, N.Y. 


Hyland Laboratories 
4501 Colorado Blvd., Los Angeles 39, 
Calif. 


Ion Exchange Products 
9349 Cottage Grove Ave., Chicago 19, Ill. 


Isotopes Specialties Co., Inc. 
703 S. Main St., Burbank, Calif. 


Ithaca Dog Farm 
R.R. #1, Ithaca, N.Y. 


Johnson, Walter J. 
125 E. 23 St., New York 10, N.Y. 


Labtician Products Co. 
190-04 99 Ave., Hollis 23, N.Y. 


LaMotte Chemical Products Co. 
Chestertown, Md. 


LaWall & Harrisson 
1921 Walnut St., Philadelphia 3, Pa. 


Machlett, E., & Son 
220 E. 23 St., New York 10, N.Y. 


Mann Research Laboratories 
136 Liberty St., New York 6, N.Y. 


Manor Farms 
Staatsburg, N.Y. 
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| OPPORTUNITY IN SOUTHERN CALIFORNIA 





DATA-PROCESSING 
SYSTEMS SPECIALISTS 


long-range program in business systems 


—unusual creative freedom 


Here's opportunity to do advanced creative work with a leading company in the 
development of digital computer systems. Activity includes systems analysis of 
present customer requirements and future computer applications, with special 
emphasis on practical applications of new concepts. You'll be well rewarded, both 
in salary and advancement, for your creativeness. You'll enjoy the broad working 
freedom of a select research-design group—and the stability afforded by a parent 
company of international stature. You'll help develop data-processing systems for 
worldwide commercial markets—in a continuing program. Ultra-modern laboratory 
in a pleasant Los Angeles suburb. Broad benefits, relocation expenses. 








Operations research specialist 

With advanced degree in mathematics. Ex- 
perienced in mathematica! formulation of 
business and management problems, and 
familiar with the functions of electronic equip- 
ment in operations research techniques. 


Senior computer systems engineer 

Advanced degree preferred, although not re- 
quired, either in engineering or mathematics. 
Broad background in logical and systems de- 
sign and ability to do independent research 
in computer structures and computer logic. 





Senior data-processing systems designer 

With technical degree and extensive back- 
ground in formulating computer systems for 
business data-processing. Should have ex- 
perience in application of equipment as well 





as in design. 





Computer applications specialist 

With technical degree. Should have solid ex- 
perience in programming, systems analysis 
and applications studies. Work is adaptation 
of computer characteristics to business data- 
processing requirements. 








For 16-page brochure describing activities and career potential at the NCR Electronics 
Division, write or contact D. P. Gillespie, Director of Industrial Relations 


7 
MNalional, THE NATIONAL CASH REGISTER COMPANY 





*Trademark Reg. U.S. Pat. Off. 


Electronics Division 
1401 East El Segundo Boulevard, Hawthorne, Calif. 
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Medical Photography & Art Service 
5354 Dixie Highway, Louisville 16, Ky. 


Microchemical Specialties Co. 


1834 University Ave., Berkeley 3, Calif. 


Millerton Research Farm 


Rudd Pond Rd., Millerton, N.Y. 


National Press 
435 Alma St., Palo Alto, Calif. 


New England Nuclear Corp. 
575 Albany St., Boston 18, Mass. 


Nutritional Biochemicals Corp. 
21010 Miles Ave., Cleveland 28, Ohio 


Orlando Research, Inc. 
P.O. Box 6491, Orlando, Fla. 


Pacific Animal Farms 


14516 S. Budlong Ave., Gardena, Calif. 


Palo Laboratory Supplies 
81 Reade St., New York 7, N.Y. 


Pan-L-View 
708 Church St., Evanston, III. 


Peter Bent Brigham Hospital 
721 Huntington Ave., Boston 15, Mass. 


Principia Press, Inc. 
Bloomington, Ind. 


Public Affairs Press 
2162 Florida Ave., Washington 4, D.C. 


Research Specialties Co. 
1148 Walnut St., Berkeley 7, Calif. 


Rolfsmeyer, Dan, Co. 
Route 3, Syene Rd., Madison 5 Wis. 


Rudolph, O. C., & Sons 
P.O. Box 466, Caldwell, N.J. 


St. John X-Ray Laboratory 
Califon, N.J. 


Shankman Laboratories 
2023 S. Santa Fe Ave., Los Angeles 21, 
Calif, 


Sky & Telescope 
Harvard College Observatory, Cambridge 
38, Mass. 


Sobotka, Eric 
100 W. 42 St., New York 36, N.Y. 


Sprague-Dawley, Inc. 
P.O. Box 2071, Fitchburg Rd., Madison 5, 
Wis. 


South Shore Analytical and Research 
Laboratory, Inc. 
148 Islip Ave., Islip, N.Y. 








Stokely-Peterson, Inc. 
P.O. Box 1254, Madison 1, Wis. 


Taconic Farms 
Germantown, N.Y. 


Target Earth 
R.D. 1, Box 295, State College, Pa. 


Technical Instrument Co. 

122 Golden Gate Ave., San Francisco 2, 
Calif. 

Technicon Chemical Co., Inc. 


Chauncey, N.Y. 


Thermalab, Inc. 
P.O. Box 84, Silver Spring, Md. 


Truesdail Laboratories, Inc. 
4101 N. Figueroa St., Los Angeles 65, 
Calif. 


Vantage Press, Inc. 
120 W. 31 St., New York 1, N.Y. 


Volk Radiochemical Co. 
5412 N. Clark St., Chicago 40, Ill. 


Wisconsin Alumni Research Foundation 


P.O. Box 2059, Madison 1, Wis. 


Worldpost 
Tangier, Morocco 








Rattlesnakes 


Their Habits, Life Histories and Influence 
on Mankind 


BY LAURENCE M. KLAUBER 


A compendium of everything scientifically 
known about these fascinating, dangerous rep- 
tiles, and an amusing chronicle of the folklore 
they have inspired, by the Consulting Curator of 
Reptiles, San Diego Zoo. 

1530 pages, 245 illus., 2 vols., $17.50 


Safety — Glove 
— Dry Boxes of 
Transparent plas- 
tic or Stainless 
Steel as well as 
linear polyethyl- 
ene with Atmos- 


Aquatic Insects of California 


With Keys to North American Genera 
and California S pecies 


EDITED BY ROBERT L. USINGER 


phere Controls in- 
cluding exhaust 


dust-fume filters 


A general introduction to aquatic entomology, 
and a detailed treatment of the biology and 
classification of each group of aquatic insects by 
various experts, providing both a field manual 


and a text. 518 pages, illus., $10.00 + 


| University of California Press 
Address: Berkeley 4, California 























and Air-Dryer systems. Available in two standard sizes: 
36” x 24” x 18”; 48” x 30” x 20”. 


P. M. LENNARD CO., INC. 


P. O. Box 56, Village Station 14, N. Y. 
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Just Off The Press! 


NEW CENTRIFUGAL FORCE 
_ CHART 


Write for your FREE copy TODAY! 





FLOOR MODEL TABLE MODEL 


THE L-707 CENTRIFUGE 


One of the most compact centrifuges ever designed ... 
bowl, motor and all working parts are ENCLOSED in a 
handsome floor or table model cabinet. All controls and 
indicators mounted on a single instrument panel in front. Its 
economical price, advanced design and long life make it 
the outstanding value of them all. 


PHILLIPS-DRUCKER Cent-ifuges can be designed and engineered to meet 
SPECIAL requirements if you desire. Write us about it. 





OTHER P-D 
CENTRIFUGES 
ARISTOCRAT Size 1 & 2 


L-708 COMBINATION 
CUNICAL & HEMATOCRIT 


L-706 REFRIGERATED 


Manufactured by 


PHILLIPS-DRUCKER. INC. 


ASTORIA OREGON 


























| 
DANGER! 


DO NOT STROP 





. that’s right — when knives have been honed on the new 
automatic E G Microtome Knife Sharpener — stropping will 
actually impair their super sharp edges! 


This instrument, the world’s finest microtome knife sharp- 
ener, was originally developed at the University of California 
at Los Angeles to meet the exacting requirements for ultra 
thin sectioning but has proven itself even more efficient 
for routine sectioning. 

The new E & G Microtome Knife Sharpener, with its 
special, high frequency vibration honing plate, and knife 
holder which automatically turns, accommodates knives up to 
185 mm. in length. It is compact, sturdy and easy to clean, 
and is so automatic that it can be easily operated by your 
laboratory personnel. 


For further information on the unparalleled new automatic 
E & G Microtome Knife Sharpener, write to 


ERB & GRAY SCIENTIFIC 


854 S. FIGUEROA ST, LOS ANGELES 17, — 
26 OCTOBER 1956 

















“LATEST DEVELOPMENTS” 











RECORDING 
THIN FILM ELLIPSOMETER 


acc. to Dr. H. J. Trurnit 


for measuring thickness and for studying changes 
in very thin films in gaseous or liquid media. 


PHOTOELECTRIC 
SPECTROPOLARIMETER 


RECORDING POLARIMETER 


for following changes in optical rotation with time. 








HIGH PRESSURE 
XENON ARC LAMP 


a powerful continuous point source for spectros- 
copy and spectropolarimetry in the infra-red, vis- 
ible and ultraviolet regions, 230-750 mz. 





FOR FURTHER INFORMATION WRITE TO 


O. C. RUDOLPH & SONS 


Manufacturers of 
OPTICAL RESEARCH 
CONTROL INSTRUMENTS 


P. O. BOX 446 






CALDWELL, N. J. 
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Cransrook Books 


KACHINA AND THE 
WHITE MAN 

Frederick J. Dockstader 

A study of the influences of the White 
culture on the Hopi Kachina Cult. 204 
pages, 12 color plates, 89 text figures, 
5 half-tones. $5.00 


CHIPPEWA VILLAGE 

W. Vernon Kinietz 

A study of cultural change in an isolated 

community. 200 pages, 54 illustrations. 
$2.00 


ALGAE OF THE WESTERN 
GREAT LAKES AREA 

G. W. Prescott 

All species (about 1100) known from 
Michigan and Wisconsin (exclusive of 
diatoms and desmids) keyed, described 
and figured. 51 page bibliography. 960 
pages. $10.50 


FERNS OF MICHIGAN 

Cecil Billington 

All species are illustrated, keyed, de- 

scribed, and their distribution mapped. 

248 pages, 81 line drawings, 17 plates. 
$5.00 


THE SANDHILL CRANES 

L. H. Walkinshaw 

A definitive study of these cranes in their 
range from Alaska to Cuba. 202 pages, 
34 illustrations. $2.50 


THE FLIGHT OF BIRDS 
John H. Storer 

An introductory study based on analysis 
of high speed motion pictures. 112 pages, 
171 illustrations, $2.00 


ISLAND LIFE IN LAKE 
MICHIGAN 

R. T. Hatt and others 

Distribution and habit studies on land 
vertebrates. 191 pages, 44 illustrations. 


$2.50 


FISHES OF THE 


GREAT LAKES REGION 

C. Hubbs and K. Lagler 

Identification of every fish occurring in 
Great Lakes, discussion of habits. 233 
species and races identified. 186 pages, 
26 color plates, 251 figures. $3.00 


from your dealer or direct 


CRANBROOK 
INSTITUTE OF SCIENCE 


Bloomfield Hills, Michigan 
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FAST NITROGEN DETERMINATIONS 
with the 


NEW NITRALYZER 


A continuous reading Nitrogen meter for instan- 
taneously indicating percentages of nitrogen in 
Physiological mixtures of Nitrogen, Oxygen and 
Carbon Dioxide. 


Extremely Rapid Response 


Continuous Reading 
Completely Portable (14” x 8” x 8”) 
e Separate Sampling Head 


Essential for Pulmonary Function studies and can 
be used in gas laboratory analysis or as a leak de- 
tector in gas tight systems. 


Write for descriptive literature and prices 


Custom Engineering & Development Co. 
1429 South Ewing Avenue, St. Louis 4, Missouri 






























BIOCHEMICAL Tube Heater 
ASSOCIATES 2/ACO 


For Digestions — Extractions — Oxidations 
and other controlled temperature reactions 


Tube Heater 

showing 3 of the 
interchangeable block 
units available. 





Thermostatic control, ambient to 300°C, 
stainless steel exterior. 


Complete with combination of a 3 of follow- 
























...molded by subtle pressures 


PERSONAL CHARACTER 
AND 
CULTURAL MILIEU 


Third revised edition 





edited by DOUGLAS G. HARING 


How much is personal character affected by the cultural 
milieu? The three previous editions of this work served 
as a standard reference and college textbook since 1948. 
This new edition, substantially revised, enlarged and im- 
proved with an attractive new format and valuable pho- 
tographs, will prove even more important than its prede- 
cessors. The fields of anthropology, sociology, psychology, 
psychiatry, and history will all be influenced by the wealth 
of material, gathered and presented by 29 anthropological 
scientists. Topics range from general studies of anthropo- 
logical approaches and methods to particular applications 
in many divers cultures. Contributors include Clyde 
Kluckhorn, Gregory Bateson, Jane Belo, Ruth Benedict, 
Erik Homberger Erikson, and Margaret Mead. Of special 
interest to photographers is Dr. Mead’s article on the uses 
of photography in culture and personality studies. 


670 pages, 40 illustrations $7.50 





Other New Syracuse Books 
THE SOVIET REGIME W. W. Kulski 


The author, a former career diplomat for his native 
Poland, provides a real basis for understanding present 
East-West tensions. He uses direct quotes of Soviet leaders 
to illustrate their present philosophy and illuminate the 
reasons behind the recent de-Stalinization program. 


847 pages Text Edition, $8.00 Trade Edition, $10.00 





RETROSPECT AND PROSPECT on THE RETIRE- 


Denise & Williams 

Philosopher, Poet, Pedagogue, and Politician, Dr. Smith 
is one of the most versatile and best-loved figures on Amer- 
ican campuses. The occasion of his retirement, June, 1956, 
was marked by his colleagues and students, with this ap- 
preciation of his mind and spirit. 


250 pages $4.00 


MENT OF T. V. SMITH 





ROAD TO REALISM EarLy YEARS OF WILLIAM DEAN 


HOWELLS Edwin H. Cady 

This is the first thorough, biographical study of the man 
who rose from printtr’s devil to the most influential post 
in American Literature. As author of The Rise of Silas 
Lapham, and as editor of The Atlantic, Howells was the 
real pioneer and prophet of American Realism. 


296 pages $4.00 











ing block units rice $149.50 CEREBRAL PALSY Cruickshank & Raus 
i s. ast This unique book reports developments and research 
Block Unit Model 101... — - "f findings on all professional areas of cerebral palsy. It in- 
ee hw poe a: ' hole die, ¥," cludes information on social and individual problems, as 
ner Sy et aaa eT we ll as aspects of medical and therapy techniques. 
peaveceonbosescues Vox3\/gx2'/2" d = P PY q 
Block Bath Model /4x3'/gx2!/2" deep Race gia 
i jicals, ch 
Send for pulley Sther loboratory apparatus also available on 
request. 
; AVAILABLE AT ALL BOOKSTORES 
TBs) Kivc hemée al c 45406 tates Né or 
| SVU SYRACUSE 
ad Bs UNIVERSITY PRESS 
PRESS University Station, Syracuse 10, New York 
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"THE VERSATILE DESICCANT” 


For All Drying Operations 


Institution-Industry ¢ Laboratory-Plant 












AAINSS 


Efficient — Dries all organic liquids instantly in liquid or vapor 
phase. Gases retain only 0.005 mg. H2O per liter. 

Versatile — An all-purpose desiccant. 

Non-Wetting — Does not become wet on saturation, nor crystal- 
lize to walls of tubes, towers, or desiccators. 

Neutral —Dries without reacting with either acid or alkaline 


materials. 

Inert — Except toward water. Does not decompose, polymerize, 
or catalyze organic substances by contact. Insoluble in organic 
liquids. 

Regenerative — Repeatedly after any normal use, by dehy- 
dration at 200 to 225°C. 

Economical — Lowest priced high grade desiccant. Available in 
quantity for industrial processes. 


REFERENCES 


(1) Ind. & Eng. Chem. 25-653 (June, 1933) 

(2) Ind. & Eng. Chem. 25-1112 (Oct., 1933) 

(3) National ee of Standards Journal of Research 12-241 (Feb., 
1934, 


. P. No. 649) 
Granule Sizes: 2, 4, 6, 8, 10-20, and minus 20 mesh. 





120 Dayton Avenue, XENIA, OHIO 








BECKER’S SONS (Holland) 








Write for literature and oi TECHNICAL INSTRUMENT CO. 
W. A. Hammond Drierite Co. 122 Golden Gate 


RAPID 
ANALYTICAL 
BALANCE 


200 Gm. Capacity 
0.1 mg. Sensitivity 





SINGLE PAN 
CONSTANT LOAD 


BUILT-IN 
WEIGHTS 


Price only 


$645-00 


Ask for leaflet 


e San Francisco, Calif. 














PERSONNEL PLACEMENT 




















CLASSIFIED: 18¢ per word, minimum HNMIIII| POSITIONS OPEN jill 


charge $3.60. Use of Box Number 
counts as 10 additional words. 


COPY for classified ads must reach PHARMACOLOG!STS—PH.D. 
SCIENCE 2 weeks before date of issue Established Research Division of growing 


(Friday of every week). pharmaceutical company has immediate 








DISPLAY: Rates listed below — no opportunities for pharmacologists with ex- 
charge for Box Number. ey perience and training in: 
invoices will be sent on a charge j 
account basis — provided that satis- 1) CNS drug research. Work will 
factory credit is established. involve general — pharmacological 


screening and development of phar- 
macological testing methods. 
Cardiovascular research. Work will 
involve design and supervision of 
screening procedures and develop- 
ment of basic research program. 


Single insertion $22.00 per inch 

13 times in 1 year 21.00 per inch 2 
26 times in 1 year 20.00 per inch 
26 times in 1 year 20.00 per inch 
52 times in 1 year 19.00 per inch 
Ferenc SCIENCE weeks bales ate Company as, modern research facilities, 
. complete employee benefit program, an 

of issue (Friday of every week). is located in rural area of central New 
York State. Forward résumés to Personnel 


1! Mm ‘ wi Di 4 ic = 
LIMMIIIII| POSITIONS OPEN ijl | | pany. Norwich, New York SO™ 


Assistant Librarian. Year-round position. Li- RE ARNOT CR PRI 3 ae 
brary Marine Biological Laboratory, Woods POSITIONS REQUIRING “DEGREES IN 
































lole, Mass. Details on inquiry. ~— MEDICINE OR SCIENCE. (a) Biochemist; 
— ——— ——_—_— exceptional opportunity for Ph.D. to direct and 
Biochemist, master’s or recent Ph.D.; full-time supervise active chemistry laboratory; also pur- 
fundamental research in microbial metabolism ; sue independent research projects ; 350-bed gen- 
Civil Service position; air-conditioned, elabo- eral hospital, affiliated important | midwestern 
rately equipped laboratories, New Orleans; university medical school; $7000-$10,000. (b) 
$6000. Box 246, SCIENCE. x Endocrinologists; B.S. or ‘higher, trained quan- 

titative analysis, organic chemistry ; basic re- 
re Rpt fot a search on biochemical mechanisms of synthesis, 
Chemist; M.S. or equivalent in organic (medici- action of steroid hormones, including projects 
nal) chemistry with experience or training in on relationships of coenzyme A, folic acid, 
Botany to assist in evaluation of scientific data squalene to normal biogenesis and action ; newly 
concerning natural products. Eastern pharmaceu- established laboratory, very large, important 
tical manufacturer offers liberal benefits. Send midwestern hospital. (c) Chemist; stable indi- 
complete résumé. Box 237, SCIENCE. 10/26 vidual to establish new procedures ; 150-bed hos- 


IES = ae pital expanding to 300 in 18 months; $5000 up; 
Midwest. (d) Bacteriologist; 300-bed hospital 
expanding to 500, will be excellent medical cen- 
ter; very large university city. (e) Chemist; 





Chemist; M.S. or equivalent in organic (medici- 
nal) chemistry with experience or training in 


Biology to assist in evaluation of scientific data Ph.D. or M.S supervise department; private 
concerning natural products. Eastern pharmaceu- laboratory ate by six pathologists ; about 
tical manufacturer offers liberal benefits. Send $8000; California. Woodward Medical Person- 
complete résumé, Box 238, SCIENCE. 10/26 nel Bureau, 185 North Wabash, Chicago. x 
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Iii POStTIONS OPEN |i 


(a) Associate Medical Director; physician well 
trained in pediatrics, internal medicine, or sur- 
gery; advantageous if expert in marrow area; 
pharmaceutical company; Pacific Coast ; $15,000. 
(b) Chief Bacteriologist to organize department ; 

500-bed teaching hospital; metropolis, important 
medical center, East; $6000-$7000. x linical 
Physiologist, M.D., preferred; Ph.D. eligible; 
duties consist of research and ‘teaching at grad- 

uate and postgraduate levels; university medical 
center, West. i). Research Assistants; 800-bed 
teaching hospital; particularly desirable oppor- 
tunities for persons wishing to change from 
clinical chemistry to medical research; Midwest. 
(c) Mycologist, Ph.D. or M.S.; course work in 
taxonomy of molds desired; pharmaceutical com- 

pany; Midwest. S10-27 Medical Bureau (Bur- 
neice Larson, Director), 900 North Michigan 
Ave., Chicago. x 


Research Assistant in research laboratory inves- 
tigating biochemical aspects of central nervous 
system function. Opportunity for qualified indi- 
viduals to simultaneously pursue graduate 
studies. Salary to $4000. Location: New Eng- 
land. Box 233, SCIENCE. 10/19; 26 


Science Writer for new 516-bed research hospital 
and basic science research institute. Basic policy 
clinical and basic science research into the 
problem of cancer and allied diseases. Salary 
open. Qualifications: bachelor’s degree and 2 
years of writing experience. Box 221, I- 
ENCE. ew 11/23 
Scientist-Junior; B.S. or equivalent in preclini- 
cal sciences with some knowledge of medical 
terminology to participate in processing of scien- 
tific data pertinent to research and development 
activities of an eastern pharmaceutical firm, Lib- 
eral benefits. Send complete résumé. Box 239, 
SCIENCE, 10/26 


|| POSITIONS WANTED ||| 


Physiologist, Ph.D.; 2 years’ cancer research ; 
3 years’ instructor, university zoology depart- 
ment; desires teaching, college, or medical school 
level, opportunity to conduct research. Medical 
Bureau (Burneice Larson, Director), 900 North 
Michigan Avenue, Chicago, b 4 
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—The MARKET PLACE 











invoices will be sent on a_ charge 
account basis—provided that satis- 
factory credit is established. 


$22.00 per inch 
21.00 per inch 
20.00 per inch 
19.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 


Single insertion 
13 times in 1 year 
26 times in 1 year 
52 times in 1 year 
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WANTED TO 
PURCHASE ... 


SCIENTIFIC 


PERIODICALS 
and BOOKS 
WALTER j. 


Sets and runs, foreign 
and domestic. Entire 
libraries and smaller 
collections wanted. 
JOHNSON, INC. 





125 E. 23rd St.. New York 10, N. Y. 








Your sets and files of 
scientific journals 
are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
periodical files you are woes, 7“, ." is? 4 mar- 
ket prices. Write Dept. A3S, R, Inc. 
Rika is poe 


SCIENTIFIC JOURNALS WANTED 


Sets, Runs and Volumes bought at top prices. 
——————————_ Your wants supplied from 
our Back Files of over 3,000,000 periodicals. 


Abrahams Magazine Service; N. Y. 3, N. Y. 











i SUPPLIES AND EQUIPMENT ||| 





FRACTIONATORS 

TRANSFERATORS 

CARDIOVASCULAR 
RECORDERS 


ELECTRO- 
ENCEPHALOGRAPHS 
wm oe APPARATUS 


714 MARKET PLACE 
3: 
: BATHS 


MADISON 





for 


@ MICROSCOPES 
@ MICROTOMES 
ILLUMINATORS 
Specializing in Wild 


Zeiss and other 
imported equipment 

















Write to 


ERIC SOBOTKA CO. 


102 West 42d St., New York, N. Y. 


ALBINO RATS 


Our mass production methods insure 
greatest uniformity and consistency 
Price list on request 


DAN ROLFSMEYER CO. @ Ph. 6-6149 
Route 3, Syene Road, Madison, Wisconsin 








26 OCTOBER 1956 


BOOKS - SERVICES + SUPPLIES + EQUIPMENT 
DISPLAY: Rates listed below — no Hh PROFESSIONAL SERVICES i 
charge for Box Number. Monthly 





Project Consultation and Pro- 
‘ae duction Control Services in 
research @ Biochemistry, Chemistry, Bacteri- 
FOUNDATION ology, Toxicology — Insecticide 
Testing — Flavor Evaluation. 
WRITE FOR PRICE SCHEDULE 
WISCONSIN ALUMNI RESEARCH FOUNDATION 
MADISON 1, WISCONSIN 







P. O. BOX 2217-V * 





TO AUTHORS 


seeking a publisher 


Learn how we can publish. promote and distribute your 
book on a professional, dignified basis. All subjects con- 
sidered. Scholarly and scientifie works a specialty. Many 
successes, one a best seller. Write for booklet SC—it‘s free 


VANTAGE PRESS, Inc. @ 120 W. 31 St., N.Y. 1 


In Calif.: 6253 Hollywood Blud., Hollywood 28 
In Wash., D.C.: 1010 Vermont Ave., NW 












| LaWall & Harrisson 


Gv. S, 1921 Walnut St, Philadelphia 3, Pa. 


SINCE 4870 


lay 
=a 


BACTERIOLOGICAL 
CHEMICAL 


Pharmacologica 





|\\|| SUPPLIES AND EQUIPMENT ||iii 

















SPRAGUE-DAWLEY, 
INC. 


PIONEERS IN THE 
DEVELOPMENT OF 
THE STANDARD 
LABORATORY RAT 


OUR PLEDGE: Our insistence 
on the highesi possible quality 
sacrificed to 


will never be 


quantity. 


Sprague-Dawley, Inc. 
P.O. Box 2071 
Madison 5, Wisconsin 


Phone: CEdar 3-5318 

















TACONIC 
FARMS 


GERMANTOWN NEW YORK 
GERMANTOWN 3555 


Send for booklet 





ANIMAL CAGES and 
ACCESSORY EQUIPMENT 


BUY DIRECT FROM MANUFACTURER 


SHIPMENT OF STANDARD ITEMS 
FROM STOCK 


HOELTGE BROS., 


1919 Gest St. Cincinnati 4, Ohio 
Write for Illustrated Catalog 
SERVICE SINCE 1856 




















CONSISTENT RATS & MICE 


BUDD MT. RODENT FARM 
CHESTER, N. J. 


Breeders of a recognized strain 


of Wistar rats and W.S. mice 














865 





BOOKS SERVICES + SUPPLIES + 





—The MARKET PLACE 


EQUIPMENT 


























KARLER-MISCO UNIT — 


= WRITE FOR DETAILS 





MICROCHEMICAL SPECIALTIES: CO. 





1834 UNIVERSITY AVENUE 


BERKELEY 3, CALIFORNIA 











Kilogram Quantities 
PURE LAURYL ALCOHOL 


No detectable unsaturates 
No Cio No Cis 
Also other high purity chemicals 


APPLIED SCIENCE LABORATORIES, INC. 
140 N. Barnard St., State College, Pa. « AD 8-6282 














CATALOG 8 - RESEARCH CHEMICALS 


Enzymes Coenzymes Blood Fractions 
C. P. Fatty Acids, Esters, Amines, Quaternaries 


ARMOUR AND COMPANY 
RESEARCH DIVISION 
Chicago 9, Ill. 


|Rats from the Wistar Strain| 
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«| Laboratory Animals | = 
g since 1929 3 
& (ne > 
= ALBINO FARMS, PO Box 331 5 
Oo RED BANK, NEW JERSEY 

| 


Swiss Mice — Albino Rabbits | 








MICROSCOPES 
SCIENTIFIC INSTRUMENTS 
NEW AND USED 
WE BUY, SELL & TRADE 
Write us what you need and what you 
want to dispose of. 

THE TECHNICAL INSTRUMENT CO. 
122 Golden Gate Ave., San Francisco 2, Calif. 








“From the hand of 
the veterinarian 
to research” 


albino rats 


Hypophysectomized % 
Rats 


*Descendants of the 
Sprague-Dawley and 
Wistar Strains 


® 
HENRY L. FOSTER, D.V.M. 


























President and Director 
THE CHARLES RIVER BREEDING LABS. 
Dept. B, Wilmington, Mass. 
ANALYSIS OF AMINO ACIDS 
VITAMINS, 
AND PROTEINS © wmenats 
SPECIAL DE- 
TERMINATIONS 
SHANKMAN LABORATORIES 
2023 Santa Fe Ave., Los Angeles 21, Callf. 
WHITE MICE 
We specialize in White Mice 
(Swiss) Only 
Information sent on request 
STOKELY-PETERSON, INC. 
P.0. Box1254, Madison1, Wis. PH. ALpine5-1303 











STAINS—GURR’S—INDICATORS 
FREE PRICE LIST 
ESBE LABORATORY SUPPLIES 
459 Bloor St., W. Toronto, Canada 


























AMERICAN-LINCOLN 


ANIMAL CAGES 
and INCUBATORS 






@ American-Lincoln ani- 
mal cages of all types 
ranging from single units 
to large four compart- 
ment sizes. Special cages, 
spare pans, racks, etc.. 
built to order. Incuba- 
tors for egg embryo and 
container work used by 
America’s | scien- 
tific institutions. 

Write for New Catalog 

AMERICAN-LINCOLN INCUBATOR CO. 

New Brunswick, N. |. Dept. AS 


Cu 








BETA METHYL 
CROTONATE 
and other tagged compounds 


Go OF HIGH RADIOPURITY 


ISOTOPES ““Comrany’ INC. 


COMPANY 
703 S. Main St. Burbank, Calif. 











GLASS PLANCHETS 
Sandblasted surfaces 
Samples on request 
AUTONOMOS INSTRUMENTS 


244 EAST ROYAL FOREST BLVD. 
__COLUMBUS 14, OHIO. 





One of complete line of labora- 

tory-tested PALO Stirrers. Inex- 
oensive, thoroughly reliable, 
suitable for most laboratory 
Stirring operations. 


Write for Bulletin X-1. 


PALO LABORATORY SUPPLIES, Inc. 


Reade St., New York 7 











Rte 4, Box 205 








HoLtTzMAN ComMPANY 


The exceptional docility of our rats is evidenced first in the ease in which they can 
be handled. Most important though is the group uniformity of this characteristic. 
Thus, because of their docility, our rats can often be used to better advantage in re- 
search in which growth or internal organic changes are factors under observation. 


Madison, Wisc. 


Phone ALpine 6-5573 
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THE NEW SARGENT 
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$-23207 POWER BORING MACHINE—Electric, Sargent. The 
apparatus is essentially a condensed drill press with the ver- 
tical motion inverted, the drilling platform being elevated 
with respect to a fixed bearing head by a compound lever 
mechanism. In operation the spindle which holds the borer is 
driven at a constant rate of 800 r.p.m. by a V-belt drive. This 
speed provides clean fast cutting over the entire range of 
common diameter from 5 to 22 mm. A safety limit adjust- 
ment saves cutting borer edges and eliminates frequent 
sharpening. This adjustment limit stop prevents contact of 
the cutting borer edge with the metal plate of the drilling 
platform but still permits penetration through the stopper 
into the rubber supporting disks and so assures clean breakout. 





POWER 
BORER 


9 factured by E. H. Sargent & Co. 












PRECISE 
BORING 
IN SECONDS 


eS 


Efficient Boring © Fast and Easy To Use 


Accurate Smooth Holes—You can bore as many 


holes as the area of the cork or stopper will allow. 
Insures Parallel Alignment of Borings 


Compact—Portable—Balanced 


An ejecting rod supplied with the machine removes stop- 
per plugs by inserting the rod through the hollow shaft and 
borer. ; 

A special aluminum oxide sharpener supplied with the in- 
strument maintains the correct cutting edge angle of the cut- 
ting borer to insure quick smooth boring and long borer life. 

Height, 13% inches; width, 6 inches; length, 14 inches; 
weight, 22 pounds. 

Complete with six S-23211 stainless steel cutting tubes in- 
cluding one each size Nos. 1 to 6 inclusive, three knurled ring 
holders, one bottle of Aerosol, ejecting rod, aluminum oxide 
sharpener and three wire cord and plug for operation from 
436 volt, 60 cycle A. C, cikeuit .. 6 idiiack $150.00 


For complete information write for bulletin No. PB 


SARGENT 


SCIENTIFIC LABORATORY INSTRUMENTS @ APPARATUS © SUPPLIES © CHEMICALS 








E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
MICHIGAN DIVISION, 8560 WEST CHICAGO AVENUE, DETROIT 4, MICHIGAN 
SOUTHWESTERN DIVISION, 5915 PEELER STREET, DALLAS 35, TEXAS 
SOUTHEASTERN DIVISION, 3125 SEVENTH AVE., N., BIRMINGHAM 4, ALA. 
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MORE AND MORE LABORATORIES 


Rely on THOMAS . 


ecaquse ... 











You select from a 1736-page catalogue and supplement 
An encyclopedic reference source with factual, detailed descriptions. 


You deal with headquarters 


All orders filled promptly from one vast warehouse. 
Competent technological staff on call. 


You draw on large stocks 
Adequate stocks of 22,000 prepackaged items for immediate 
shipment. 
Widest assortments of Corning, Kimble and Coors items available 
from any single source. 


You save time and money 
Expediting unnecessary — 83% of orders shipped day received or 
day following. 
Accurate invoices and packing lists. 
Adequate packing which keeps breakage to less than 1/20 of 1%. 
Advance quotations unnecessary — one-price policy insures lowest 
prices to all buyers. 


You are assured of satisfaction 


Stocks carefully selected and continually inspected for dependable 
quality and satisfactory performance. 
Prompt refund for any item found unacceptable for any reason. 


A.H.T.CO. ARTHUR H. THOMAS COMPANY 
More and more laboratories rely on es? Laboratory Apparatus and Reagents 


P.O. BOX 779 ¢ PHILADELPHIA 5, PA. 








